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Introduction 


“Please, no more big words.” 
“So what do we do?” 
“We want to be hopeful.” 


This book is about the impact of digital technologies on the future 
of work, education, and healthcare, and how we should respond. 
When we did the research for the book, we asked our interviewees 
and workshop participants what they wanted to know about this 
future. They told us that they wanted more than buzzwords. They 
wanted to know what practical steps they could take to prepare for 
the future. They also wanted to feel hopeful — that a dystopian 
digital future was not inevitable, but would instead be an oppor- 
tunity to transform their communities, companies, cities, and even 
countries for the better. 


Their heartfelt sentiments guided how we approached our research 
and how we published our findings. You can see this clearly in this 
book. It is steeped in human hopes and fears. It is underpinned 
by practical ideas and research rigour. We avoided big words when 
simple words would do. We also used visuals and stories to appeal 
to more readers. We believed that if more of us understood more 
about the economic and social impact of digital technologies, the 
more prepared we will be for the future. 


In studying this future, we focused on work, education, and health- 
care. Chapter 1 explains why. They are three human, economic, and 
social institutions that all of us experience every day or at seminal 


xx Living Digital 2040 


stages of our lives. How we tackle the impact of digital on them will 
substantially shape our individual and collective futures. 


Chapter 2 lays out how we sought depth, definition, and diversity of 
how people made sense of technology and the future. It summaris- 
es our multi-method approach and how we worked with many col- 
laborators to get at diverse and different perspectives. 


Differentiate: De/Re-construct: Consider: 
What Tech Is Slivers Costs 
What Tech Does Systems Causes 
for Us 

Causes 


= Technology x Time x Scale x PPP x 
Costs 


Meld: 
Discern Change: People 
Rapid Private, 
Incremental Public 


Fig 11 — Drivers of Change 


Chapter 3 distills these perspectives into five drivers of change. They 
help us understand how technology transforms tradition, and how 
tradition transforms technology. They set the stage for our subse- 
quent chapters on scenarios, recommendations, and the future we 
could create for work, education, and healthcare. 


Chapters 4—6 detail these futures. For each of the three areas, we 
show how the five drivers of change point towards scenarios that 
revolve around four dimensions along two axes. 
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Fig 12 — Future of Work Scenarios 
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Fig 13 — Future of Education Scenarios 
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Fig 14 — Future of Healthcare Scenarios 


We then propose a series of recommendations for each of the three 
areas. These recommendations span different scales, and across 
different types of interactions. For example, 


e our recommendations for the future of work explore ideas at 
the city, company, and citizen scales; 

e in the future of education, our recommendations explore 
equipping students and teachers, and elevating their capacities 
through city-wide and global-scale networks and resources, so 
that they can excel on their own terms; 

e inthe future of healthcare, we explore recommendations that 
empower people, energise community and society, and elevate 
interactions between patients, professionals and technologies. 
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We round out each chapter with brief narratives of what the future 
of work, education, and healthcare could look like if we successfully 
implemented the proposed recommendations. 


The concluding Chapter 7 expresses our aspirations for citizens, 
companies, and cities. Digital innovation is an opportunity to tran- 
scend and scale across physical constraints, boundaries, and infra- 
structure. Through digital technologies, we can do more for each 
other, and more with each other. We can help each other flourish. 


Living Digital 2040 then, is a guide for navigating the impact of dig- 
ital technologies on our economies, and societies, especially in the 
social institutions of work, education and healthcare. It points out 
practical ideas for what we can start doing today to prepare for 
tomorrow. It aims to take digital disruption and make it work for 
citizens, companies, and cities. 


We hope it gives you hope for the future. 
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1 Beyond Physical: 
Cities Living Digital 
1.1 Opening 


Ulan Bator, Mongolia. Trichy, India. Choa Chu Kang, Singapore. Los 
Angeles, USA. 


Across these four cities, through the eyes of a young boy, we glimpse 
our digitally-empowered future. 


Adi is seven years old. He lives in Singapore, near the western end, 
and in public housing. He was the youngest member of Singapore’s 
team at the 2016 Asian Youth Chess Championship held in Ulan 
Bator, Mongolia. 


Adi loves chess. When he talks about chess, his eyes and voice 
sparkle. Listening to him chirp on and on about opening moves and 
strategies, you would not have guessed that he only qualified for 
the national junior chess squad a year ago. Nor that it was barely 
two years ago that he picked up chess, when a family friend from 
Los Angeles gave him a simple chess set. 


How did he do it? He had a “secret weapon”: the World Wide Web. 
Adi sparred online with top chess players worldwide, many of them 
older than him, and against advanced computer chess algorithms, 
until he was good enough to qualify for the squad. 


Adi had another “secret weapon”: online coaching. Adi loves his 
online coach, Prab. He had tried out other personal coaches, but 
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these did not work out. It was serendipity (and a search engine) 
that led Adi to Coach Prab. Call it digital chemistry — through Coach 
Prab, Adi’s skills have improved by leaps and bounds. Coach Prab is 
very proud of Adi’s speedy progress. 


Coach Prab is based in Trichy, India. He has been coaching chess 
players since 2005. He also suffers from double kidney failure. Be- 
cause of infection risks, he is reluctant to leave his house except 
for dialysis treatment. He thus turned from face-to-face coaching 
to online coaching, so that he could continue his passion. He now 
coaches young chess players from over eight countries. 


Coach Prab reviews the auto-recorded online games that Adi has 
played. He discusses where Adi did well and where he did not. 
Whenever he can, he also watches Adi’s online games live, and dis- 
cusses with him, in real time over Skype, the merits and demerits 
of each move. Coach Prab even uses online Al analysis to augment 
his feedback to Adi. 


Adi loves that Coach Prab makes him think hard. Adi also loves the 
sessions where Coach Prab downloads Grandmaster games and ex- 
plains them to him. He appreciates that he is learning immensely. 
He believes that he too can be a Grandmaster one day. 


Adi’s parents could not have imagined how all this has turned out. 
After all, they are not chess players themselves. They are proud of 
Adi and grateful to Coach Prab. More importantly, they are pleased 
that Adi, who used to be shy and bashful, has become more confi- 
dent and articulate, and has made many friends amongst his peer 
competitors. 
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A boy in Singapore. A coach in Trichy. A competition in Ulan Bator. 
A friend in Los Angeles. Ignited by interest. Powered by people. 
Empowered by digital. 


They show how cities and citizens could be Living Digital 2040. 


4 Living Digital 2040 
1.2 Why Living Digital 2040 


For the first time in human history, individuals have access to a 
wide array of personal, pervasive and powerful digital technolo- 
gies. What is their impact on the future of cities? And what does 
this future hold for citizens? 


Why Living 
We live digital now. In 1980, MIT Media Lab founder Nicholas Negro- 


ponte quipped that “Computing is not about computers any more. It 
is about living.” ™! 


We saw this coming with smart cities. Singapore Prime Minister, 
Lee Hsien Loong, for example, envisions the city-state as a Smart 
Nation where technologies enable people to live and connect with 
others better.! 


What we have yet to see is how these | We saw that we would 
technologies can change us. MIT Pro- | live digital. What we 
fessor and Director of the MIT Initia- | have yet to see is how 


tive on Technology and Self, Sherry these technologies can 


Turkle, summed this up when she change us. 


Said: 


“An unstated question lies behind much of our current preoc- 
cupation with the future of technology. The question is not 
what will technology be like in the future, but rather, what 
will we be like.” 
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Why Digital 
According to the McKinsey Global Institute, “[t]oday... billions of 


individuals...are using global digital platforms to learn, find work, 
showcase their talent, and build personal networks.” What “was 
once largely confined” to advanced cities and companies is now 
accessible to citizens. 


This transforms urban innovation. In the past, only cities and com- 
panies could access advanced technologies. They used them to 
build innovative solutions for urban problems. Citizen participation 
was limited. 


Past Today 2040 


$$ ____________—_> 


First time in history: you and | have 
access too, and this unprecedented 
access will continue to grow. 


Only cities and companies had 
access to powerful technologies. 


Cities and companies created 


Citizens create solutions with technologies. 
solutions with technologies. 


People participation was limited. People participate fully as citizen-innovators. 


Fig 1.2.1 — How Digital Technologies Have Transformed Urban Innovation 
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The advances in personal, pervasive and powerful digital technol- 
ogies have changed that. Now, citizens can access advanced tech- 
nologies too. They too can create innovative solutions. They can 
participate fully as citizen-innovators. 


It is no longer just about what cities can do for citizens. It is also 
about what citizens can do for cities. It is about how cities and 
citizens can innovate together. 


Smart cities are a good start. But much of the current focus is on 
making what already exists more efficient. It seems to be about 
doing better, not different.” 


We can do better and different. So we will not only explore how 
cities and citizens can innovate better. We will also explore how 
cities and especially citizens can innovate differently. 


Creating 2040 
What if we did better and different? Author and activist Jane Jacobs 


gave us a glimpse into the immense possibilities in her 1961 classic 
The Death and Life of Great American Cities: 


“Cities have the capability of providing something for ev- 
erybody, only because, and only when, they are created by 
everyboady.”"®! 


Five decades on, in and through digital technologies, cities have 
that capability, and everybody can create. Together, cities and citi- 


zens could create a very different future for cities and citizens. 


It is that future we study in Living Digital 2040. 
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1.3 Why Future of Work, Education, and 


Healthcare 


When we think of cities, we tend to think of physical locations, 


places and spaces of the city. These are tangible, visible, and often 
costly. They grab our attention and consume our imagination. 


But the possibilities of digital suggest 
we need to start thinking more 
expansively. 


Professor Michael Batty from the 
University College London states in 
his recent book The New Science of 
Cities that our understanding of cit- 
ies should “no longer [be] exclusively 
based on theories of location”.'” As 
digital technologies have made possi- 
ble new interactions and connections 
across the city and around the world, 


Digital technologies 
have made possible 
new interactions and 
connections across the 
city and around the 
world. Living digi- 

tal means we can go 
beyond the physical to 
also focus on interac- 
tions, and explore new 
regional and global 
possibilities. 


“we must underpin our theories with ideas about how we 
relate to each other... [and] switch our traditional focus from 


locations to interactions.”"”! 


Living digital means we need to go beyond the physical to also 
focus on interactions. We need to go social. 


We thus focus on work, education, and healthcare. Each is a so- 
cial institution where many of our interactions and connections 
are forged. Every citizen experiences them intimately every day or 
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at critical stages in their lives. They form a good starting point for 
examining “ideas about how we relate to each other”, and how 
we might go beyond physical locations. 


Thinking beyond the physical and focusing on social interactions 
also means we can explore new regional and global possibilities. 
Professor Saskia Sassen of Columbia University writes in her book 
Cities ina World Economy that we can “specify a variety of transna- 
tional geographies that connect specific groups of cities” according 
to the social and economic processes and activities involved.'! To 
her, cities offer another way to understand networks and flows of 
economic activity, resources, culture, and people. Because of this 
“oroliferation of interurban networks...[t]here is no such entity as a 
single global city.”!?! 


Work, education, and healthcare also build human capabilities, as 
outlined in the diagram on the following page. 


Human capabilities are critical: if a city had limited resources and 
had to choose what to invest in for the long term, building human 
capabilities is arguably the best bet.!20 79! 


Digital is also raising But digital technologies are rais- 


pressing questions ing pressing questions about work, 
about work, education, | education, and healthcare.“**! Will 
and healthcare. How jobs be created or destroyed? Will 


well citizens do in them technology disrupt education and 
determines whether healthcare? Will technology, work, 


a : i education, and healthcare narrow 
cities thrive or wither. 
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Building Human Capabilities 


To live a long, healthy life 

To acquire knowledge and be creative 

To enjoy a decent standard of living 

To participate in the social, economic and 


political life of a community 
Knowledge, 


Creativity 







Employment, 
Resources for Education, 
Health, Communication 


Technological 
Advances 


Productivity Gains 


Technological Change << Economic Growth 


Resources for R&D 


Fig 1.3.1 — Work, Education, and Healthcare Augmented with Technology - Building Human Capa- 
bilities in the City. 
Adapted from the United Nations Human Development Report 2001 - Making New Technologies 
Work for Human Development! 


or widen the gap between the haves and have-nots? How cities 
choose to answer these questions will determine if citizens have 
the capabilities to create a better future. 


We focus on work, education, and healthcare for a third reason: 
they shape so much of who we are and what we do. 


Work provides an income for us and our families. In some cases, it 
also endows us with the dignity of labour. 


Education prepares us for work and life. It hones the intellect, seeds 
interests, nurtures values, builds character, and develops skills. 
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Healthcare makes it possible for us to live life with vigour. It ensures 
we have the energy and constitution to make the most of our lives. 


How well citizens do in work, education, and healthcare determines 
whether cities thrive or wither. The future of work, education, and 
healthcare then, is the future of our citizens and our cities. 


2 How and Why 
Multi-Method, Multi-Disciplinary 


There are many ways to observe and analyse the world. We chose 


to use a multi-method approach — in-depth interviews, partici- 
pation observation, group discussions, and document review — 
and worked with a range of collaborators (see earlier section on 
Acknowledgements) to understand different world views and 
perspectives (see Methods section at Annex A). 


We also had a multi-disciplinary team with experience and exper- 
tise that includes design, sociology, human-computer interaction, 
human-robotics interaction, analytics, wearables, IT and organisa- 
tions, fashion design, industrial design, telecommunications, bank- 
ing, consumer products, and public policy. 


Choices from Voices, Voices to Choices 
A report on living digital would be remiss if we did not focus on 


people. Harvard University cognitive scientist Professor Steven 
Pinker points out: 


“we have become accustomed to understanding the social 
world in terms of ‘forces’, ‘pressures’, ‘processes’, and ‘devel- 
opments’. It is easy to forget that those ‘forces’ are statistical 
summaries of the deeds of millions of men and women who 
act on their beliefs in pursuit of their desires. The habit of sub- 
merging the individual into abstractions can lead not only to 
bad science... but to dehumanisation.”""! 
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That is why we spoke to many people at length. Their voices 
allowed us to see things in concrete terms and not in abstractions, 
to reflect on the deeper meaning of their words, and to help us 
distil their world views, fears, and aspirations. We heard from 


them the choices they hoped 
to make, and the choices that 
they hoped the cities they cared 
about would make. 


We translated these deep and 
rich interactions and materials 
into scenarios, personas, and 
artefacts. These give voices to 
the choices that cities, compa- 


Speaking to many people 
at length allowed us to see 
things in concrete terms 
and not in abstractions. We 
translated their voices into 
scenarios, artefacts, and 
personas; these show us 
how technology transforms 
tradition, and how tradition 


nies, and citizens could make. 

transforms technology. 
Scenarios highlight the tradeoffs 
we have to face. Personas represent the “men and women who 
act on their beliefs in pursuit of their desires”. Together with 
artefacts, they help us see and feel the future in a visceral way. As 
former British Museum Director Neil MacGregor puts it: 


“it’s making ‘things’ and then coming to depend on ‘things’ 
that sets us apart from all other animals and, ultimately, 
turns us into the humans we are today.””! 


Things. Artefacts. Personas. Scenarios. In a study about people, liv- 
ing, and digital, they show us how technology transforms tradition, 
and how tradition transforms technology.'?7! 
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Integrated and Visual 
We kept our report integrated and visual. We devoted a tremen- 


dous amount of time to uncover what really mattered. Instead 
of listing out all the major trends, we distilled them into just five 
key drivers of change, that in turn were translated into three sets 
of scenarios, each governed by two of the most critical consider- 
ations, centred around one simple unifying idea. Our key findings 
were also integrated directly into the recommendations, to show 
immediate links between them. 


We also did not rehash topics that have already been covered 
extensively by other publications (such as how big Big Data is, or Al’s 
recent breathtaking advances). In the age of digital, such informa- 
tion is just a mouse click or touch away (and we provide them in our 
References). 


Finally, several sections of the report are visual in nature: we 
painted the scenarios, personas, and artefacts with narrative hues, 
rendering mental images in readers’ minds. We also illustrat- 
ed many of them. Making it visual helps readers grasp our ideas 
quickly, and they can choose to dive deeper into the text if they 
want to. 


3 Drivers of Change 


Technological trends and their potential impact on economy and 
society are well documented in many publications. Hence, we 
chose not to rehash what are in Six Exponential Technologies," 
l] Fifth Kondratiev Wave of Innovation,?~ Industry 4.0,'°!!” Third 
Industrial Revolution!!! and Second Machine Age." 


Instead, we dug deeper and explored where they converged and 
diverged, distilling them all into one conceptual equation, that 
spells out the drivers of change that will shape our future: 


Causes 
= Technology x Time x Scale x PPP x 
Costs 


Fig 3.1 — Drivers of Change Conceptual Equation (in brief) 


Technology: Differentiate Between What It 
Is and What It Does for Us 


We are interested in Big Data not because it is big or it is data. We 


are interested because Big Data can help us make decisions, opti- 
mise operations, and predict problems. We are interested in robots 
not because they are machines. We are interested because they 
can do tasks that are dull, dirty, and dangerous to humans. 


In a study about the future then, it is not just what future technol- 
ogies are (see Annex B for a consolidated view of selected major 
technology advances and forecasts), but also what they can do for 
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us. What can digital technologies do for us? They can give us new, 
better, and different ways to:'12>! 


e Live, love, learn, and earn 
Current examples: digital identities, digital health, online dating, 
gaming, freelancing, online courses 


e See, sense, experience, and empathise 

Current examples: augmented/virtual/mixed-reality, 3D audio, 
“hearables”, loT, smart fabrics, wearables, digital models, bio- 
metric and environmental sensors 


e Create, communicate, and collaborate 

Current examples: 3D printers, digital arts and design, social 
media, universal translation, man-machine interaction, user- 
generated content and crowdsourcing 


e Automate, augment, and analyse 

Current examples: robotics, autonomous vehicles, genomics 
(and other omics), Al, algorithms, predictive analytics, data 
visualisation, decision support 


e Trade and transact 
Current examples: online shopping/e-commerce, open data, 
sharing economy, freemiums, ad-supported, payment systems 


e Protect 

Current examples: surveillance, cyber-physical security, auto- 
mated cyber defence, bitcoin/blockchain, Creative Com- 
mons, privacy, access controls, experiments with quantum 
communications 
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Understanding what technologies can do for us allows us to deeply 
consider what we do with them. For example, surveillance tech- 
nologies can protect us; they can also be used to see what we do, 
intruding into our privacy. Digital identities allow us to live different 
“lives” for different purposes (e.g., the way teens use social media); 
they also make it easier to trade and transact to earn a living (e.g., 
World Bank’s Identification for Development Initiative). It is only 
when we have a sense of what we do with technologies that we 
can begin to determine what policies and regulations are needed. 


It is only when we have a Moreover, as technological ad- 
sense of what technologies vances accelerate, the gap be- 
can do for us, and what we tween what we currently do 
can do with them, that we with technology and what we 


can begin to determine what | ©" do with it will widen (many 


es x classrooms in many cities, for 
policies and regulations are 
example, are still far from fully 
exploiting the wealth of avail- 
able Open Education Resourc- 


es).!"11To close this gap, we need to be imaginative. We can be more 


needed, and how we can do 
more to improve lives. 


imaginative and do more to improve lives by exploring what tech- 
nologies can do for us, and not just what the technologies are. 


Time: Discern Between Rapid and 
Incremental Disruption 


Disruptions happen over time, not overnight.!?6-3 


In 2015, the World Economic Forum (WEF) Survey conducted a 
survey on game-changing digital technologies.) 800 executives 
responded to this survey. According to them, the tipping points for 
21 such technologies are: 


See, Sense, Experience, 
Empathise: 

Online - 1 trillion sensors; 
clothes of 10% of people 


Exchange: 

Free unlimited storage Create: 

but with ads for 90% First 3D-printed car in 
of people production 


2018-2021 > 2022-2023, 2024-2025 2026 - 2027 


Automate: Communicate: 
First robotic pharmacist First implantable mobile phone 
in USA 


Automate, Augment, Analyse: 
Census replaced for first time 
with Big Data sources; 90% of 
people use smartphones 


Experience, Empathise: 
Online - 10% of spectacles 


Live, Love, Learn, Earn: 
80% of people have online 
presence 


Transact: 
Tax collected for first 
time using blockchain 


Live, Love, Learn, Earn: 

90% of people access Internet; 
50% of Internet traffic from 
homes 


Create: 
First transplant of 3D-printed 
liver 


Create: 
5% of consumer products 
3D-printed 


Automate: 
Al does 30% of corporate 
audits 


Transact: Worldwide - more 
shared car trips than private 


Automate: 

10% of cars in USA driverless; 
first city over 50K people and 
no traffic lights 


Collaborate: 
First Al machine on corporate 
board of directors 


Protect: 
10% of global GDP stored on 
block-chain/bitcoin 


Fig 3.2 — Tipping Points of Game Changing Digital Technologies as Identified by World Economic Forum Survey 
Adapted from World Economic Forum (WEF) Global Agenda Council on the Future of Software & Society’s 2015 report 


Deep Shift: Technology Tipping Points and Societal Impact 2015. Illustrative - not meant to be exhaustive list of all digital technologies. 


ISUCU) JO SIBALIG 


LT 


18 Living Digital 2040 


The tipping points are between 2018 and 2027: digital disruptions 
do not just happen. Many steps are needed. Technologies need to 
mature (see Annex B). Users need to be found. Business models 
must make sense. Behaviours need to change. Regulations need to 
keep up. And they all need to scale. Depending on how quickly all 
these happen, disruption can happen rapidly or incrementally. 


Be it rapid or incremental, what mat- os f : 
Digital disruptions do 

ters is whether we have the foresight ‘cally h 

to discern the disruption, and the will Bony pleat NappEN 

and wisdom to act on that foresight. If 

we do, we will have time to respond. If | pen over time. 

we do not, all the time in the world is 


not enough. 


overnight. They hap- 


Scale: Deconstruct/Reconstruct into Slivers 
and Systems 

Just as digital technologies span the nano-scale microchip to the 
global-scale Internet, we can use technology to deconstruct into 
slivers and reconstruct into systems. 


Any piece of work, simple or complex, can be sliced up into the 
tiniest of tasks.°>“8! These slivers can then be automated or out- 
sourced. They can also be aggregated with others into the largest 
of systems. 


Digital models such as Building Information Modelling (BIM) make it 
easy to break up large-scale developments and projects into small- 
er tasks and pieces. These can not only be assigned to different 
experts and technologies, but can also be integrated into newer, 
larger, and different developments and projects. 
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In recent years, this has often been associated with the “sharing” 
economy. That is a misnomer. Many of the recent platforms are less 
about “sharing”, and more about matching the supply and demand 
of slivers and systems. 


We see the same idea of scale in education and health, and they 
are not limited to tasks. There are other dimensions too, such as 
interests, resources, causes, devices, data, and even time. 


We see the same idea of No interest, for example, is too 


scale across work, educa- small or too big. We can always 


tion, and healthcare, in find a niche interest group or re- 
source online, or join mega global 
movements. Education now spans 
nano-degrees,49!_ MicroMasters®?! 


and Massive Open Online Courses. 


tasks, interests, resources, 
causes, devices, data, and 
even time. 





Fig 3.3 — Preventive Health 
In the future, innovations like smart fabrics equipped with sensors, data analytics, and mobile 
connectivity will sense and monitor our physiological signs, pre-empting and preventing illnesses 
(see for example Artefact from the Future: SuperCare/Empathy Suit in Chapter 6.3). 
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Our genome can be separated into tiny snippets and subsequently 
stitched back again. We can integrate sensors, communications, IT 
devices, social networks, genomics, and Al into a preventive digital 
health system. We can measure biological signs by the micro-sec- 
onds and even decode our genes to look millennia back into our 
ancestry, or decades ahead into our disease risks." 


PPP: Meld Public, Private, 

and People Sectors 

Once we can deconstruct/reconstruct across scale, cities, compa- 
nies, and citizens can now do much more for themselves, to each 
other, and for each other.>2! 


In healthcare, for example, how much should be provided by 
the public sector, and how much of it is a personal duty? Should 
companies have access to our health data, or are our health data 
ours and ours alone? Or does it belong to the public sector in the 
name of public health? Questions of responsibility and liability also 
come into play. This unprecedented melding of the public, private, 


and people realms will have to be 
navigated. If we can go beyond 


public-private partner- 
We see the same in work and ed- | ships, and find new ways 
ucation. A teacher shared his view | for the public, private, 
that schools were a microcosm of and people sectors 
society — it was a place to nurture 
shared societal values, and not 
just a place for students to acquire 
knowledge for themselves. A school 
principal encouraged us to think | around the world, this 
about where public interests fit in | can be a very powerful 
as learning becomes more individu- | force for the future. 


to work together as 
equal partners, at scale, 
across the city, and even 
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alised to personal interests, and as private companies push further 
into the education sector. How we choose will directly shape the 
experiences of our students. How they turn out will be what our 
workforce, citizenry, and city will look like in future. 


At the same time, if we can find ways for the public, private, and 
people sectors to work together, this can be a very powerful force 
for the future. It would go beyond public-private partnerships. Look 
for example at how cities, companies, and citizens rallied together 
to help each other in recent crises. It would pioneer new models of 
the public, private, and people sectors collaborating as equal part- 
ners, at scale, across the city, and even around the world. 


Causes/Costs: Consider the Human 
Dimension 

Technology has made it easier to quantify, and if something can 
be counted, it can be costed. The trouble is, “not everything that 
counts can be counted.” 


In the early 1900s, Taylorism, or Scientific Management, sliced up 
complicated tasks into easier ones for workers, and measured what 
workers did. For all its benefits, it was criticised as dehumanising. 
In the hundred years since, we have had to learn and re-learn the 
same lessons. The Economist recently published a piece on “Digital 
Taylorism”.©2! It voiced concerns that as measurement technologies 
in the workplace become more advanced, this “modern version of 
‘scientific management’ threatens to dehumanise the workplace.” 


What was missing in Taylorism was a consideration of the human 
cause. 
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What is human cause? Our interviews with professionals in health 
and education provide some of the best examples. We can watch 
the most inspiring talks online, but we are most inspired by that pat 
on the back from a caring teacher. We can read all we want about 
our health, but nothing beats that reassuring word from the doctor, 
nurse or dietician. 


A teacher shared that the “interactions between teachers and stu- 
dents are the most magical, not the transference of knowledge”. 
Patients’ eyes light up when they see the doctors and nurses on 
their rounds. A senior nurse emphasised with great pride that when 
crisis hits, it is not technology but how everybody rallies together 
that energises each and every one of them. Another said she would 
identify with the profession even if she leaves it. In her own words, 
“once a nurse, always a nurse”. 


This is sometimes called the human touch. Our interviews made us 
realise that it might be better to think of them as human causes. 
Because people often commit to them, and even fight for them. 
They are the causes of human connection, compassion, communi- 
cation, community, and conviction. 


We need to consider this oft-overlooked dimension. In an interview, 


the head of an organisation recount- Counting only what 


ed that a multi-disciplinary team 


n nted instead 
picks technologies based on ROI and CANOE counted 


cost-benefit analysis. The head was of what counts can be 
taken aback when we asked if they | Very costly. We have to 
considered what might be lost (such | remember to consider 
as these human causes), admitted | the human causes too. 


they often did not, felt we were right 
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to point it out and acknowledged that they should. 


Counting only what can be counted instead of what counts can be 
very costly in our digital futures. We have to remember to consider 
both the cost and the cause. Especially the human ones. 


Drivers of Change in Context 

It is important to remember that the five drivers of change we have 
just discussed are situated in context. They are part of the forces of 
history where work, education, and health were transformed — and 
continue to be transformed — by technology. 


A detailed exploration of these forces is outside the ambit of this 
report. Instead, we have summarised them for the reader (see 
diagram on next page). It is largely distilled from The World our 
Grandchildren Will Inherit: The Rights Revolution and Beyond by 
MIT Professor Daron Acemoglu — a study “outlining the 10 most 
important trends that have defined our economic, social, and 
political lives over the last 100 years” ©*! — but augmented with our 
project findings.©"! In fact, some of these forces go back beyond 
100 years, to the Industrial Revolution. 


This summary points out how different forces and trends “inter- 
relate”."°! They also illustrate the choices we can make that will 
shape our future. 
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Creates opportunities for many, 
levels the playing field, etc. 







Often in tandem 
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Tension 


When 
transformations 
and technologies 
only benefit 
certain segments 
of society 





Backlash 





Fig 3.4 — Drivers of Change Situated in Context 
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Setting the Stage for Scenarios 

This conceptual equation of the drivers of change distils prevailing 
trends, puts them in context, and sets the stage for our scenarios of 
the future. Tackling these drivers well amplifies what we can create 
for our future. 


Differentiate: De/Re-construct: Consider: 
What Tech Is Slivers Costs 
What Tech Does Systems Causes 
for Us 

Causes 


= Technology x Time x Scale x PPP x 
Costs 


l Meld: 
Discern Change: People 
Rapid Private, 
Incremental Public 


Fig 3.5 — Drivers of Change Conceptual Equation (in detail) 
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4.1 Scenarios! 
Utopia. Dystopia. Optimist. Pessimist. Man. Machine. 
The discourse raged on. Would accelerating advances in technology 


threaten jobs? And cause a great disruption in cities? Or would they 
save jobs? And create great abundance? 
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It was easy to take intellectual sides. Many did. Some even took an 
amusing mix of sides. 


The Utoptimachs, for example, believed in a utopia of much leisure, 
enabled by machines of all kinds, where people would find mean- 
ing in a wee bit of work. 


There was only one . 
Yy The Uto-Dystopessimachs believed 


question that mattered in very much the same but with one 


to them: what do we crucial difference. They thought 
do about the impact of people would become hedonistic 
technological disruption with all that leisure and pleasure, 
on work? and it would all end in disaster. 


And there were the Dystoptimans, who felt that a dystopian society 
wrecked by technology provided the most optimistic outlook. Only 
when man could rebuild the city and re-assert control over technol- 
ogy, would there be any hope of a better future. 


Heady and fun stuff. But to the government leaders and company 
CEOs around the world, fun was the last thing on their heads. 
To them, it was unwise to bank on a future free from “pressing 
economic cares”, where everybody enjoyed a life of leisure. 
There was only one question that mattered to them: what do we 
do about the impact of technological disruption on work? 


Answering that question determined whether their cities, compa- 
nies, and citizens succeeded or failed. Lives and livelihoods were at 
stake. Eventually, it became clear that the answers to that question 
could draw inspiration from four intellectual dimensions: 
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1) Rapid Technological Disruption — technological innova- 
tions advancing rapidly 

2) Incremental Technological Disruption — technological 
innovations advancing incrementally 

3) People Thrive — people are able to adapt to changes, 
come what may 

4) People Struggle — people struggle to adapt to changes 


Where cities, companies, and citizens were along these four dimen- 
sions defined the future of work. 





Roaring Revolutions 

Citizens felt like they were on an accelerating treadmill, going round 
and round, faster and faster. No wonder cities and companies liked 
to call these rapid technological disruptions “revolutions”. Life for 
the “Roaring Revolutions” group of cities, companies, and citizens 
had become one roaring rat race. 


But life had also never been so good. Innovation soared. Entre- 
preneurship boomed. Employment exploded. The accelerating 
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advances in technology across so many fields finally showed up in 
the productivity statistics, raising incomes across the board. 


The fears about machine replacing man had dissipated. Machines 
replaced parts of jobs but not entire jobs. With the help of advanced 
technologies, existing jobs were quickly re-designed and workers 
were rapidly re-trained. Workers were able to transition into these 
jobs, which were often technologically-augmented. 


Technologies also created new work. From full-time jobs to part- 
time tasks. It was not just because new technologies have always 
created new opportunities to be exploited: new technologies have 
also always created new problems to be solved. There was always 
something to do. 


Take for example the revolution of computers, communications, 
software, media, and networks that started in the 20th century. 
By the 2010s, it was clear video did not kill the radio star after all. 
Instead, it had turned them into podcast and YouTube sensations, 
and also brought new challenges in media literacy, addiction and 
cyber-wellness that had to be tackled. 


The “Roaring Revolutions” group of cities, companies, and citizens 
said it was just like history (see Fig 4.1.3). Since the Industrial Rev- 
olution, worries about the impact of technology on work have sur- 
faced and re-surfaced several times. Each time, humans and society 
emerged better than worse off. There might be short-term pain but 
there was always long-term gain. 


And the gain this time was huge. Anyone with a modicum of ambi- 
tion could access global markets, funds, and resources. Success had 
become accessible, and very lucrative. 
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But this glittering prize exacted a high price. Everybody com- 
peted ferociously with one another. For the best schools. For the 
best jobs. And for the best careers. 


It was every man for himself on a global scale. It was no longer 
about who could keep up, but who could keep up the fastest. If 
one’s health suffered in the pursuit of success, there were medical 
technologies. If family life suffered, there were quality time family 
avatars. If social ties suffered, there was virtual social reality. 


For the more astute cities, companies, and citizens, the relentless 
rat race of “Roaring Revolutions” was starting to feel like a painful 
marathon. 
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Similarities 


Differences 


Unknowns 


Industrial Revolution 


Worries about unemployment caused 
by technological change 


Distress felt by those displaced 


Unable to predict what new jobs would 
be created from the technologies then 


Protests and riots against changes 


Processes were broken down into simpli- 


fied tasks that required less skill 
(“de-skilled” artisans) but more people 


Work and leisure often separated 
(start and end work at specific times) 


More jobs were created than lost; 
jobs were created within existing and 
new sectors 


Distress: not large scale and disap- 
peared after one generation 


Disagreements about when changes 
translated to higher living standards 


Now 


Worries about worker displacement 
caused by automation and algorithms 


Segments of displaced workers 


unable to find jobs; even if they do, 


the jobs do not pay as well 


No clear idea what new jobs might be 
created from the technologies today 


Occupy Wall Street; voters increasingly 
using ballot box to voice concerns (e.g., 


Brexit; populist politics) 


Processes broken down into different 
tasks that span skill levels, requiring 
more or less people, depending if they 


work full or fractional time 


Work and leisure blurring — by choice 
(“I love my work”); due to culture and 
communications (24x7); and shifting 


nature of work (e.g., freelancing) 


Will more jobs be created than lost 
(many sectors already employ less 
people than before)? 


What is the length and scale of our 
current distress? 


Will changes translate to higher living 


standards or perpetuate prevailing 
inequalities? 


Fig 4.1.3 — Impact of Technology on Work (For Roaring Revolutions and Splintering Struggles)! 
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Splintering Struggles 
It was when society struggled and splintered that it rallied to- 
gether. This was what defined the “Splintering Struggles” set of 
cities, companies, and citizens. 


This group acknowledged that rapid technological disruption had 
brought tremendous improvements to daily lives. But it had caused 
tremendous difficulties too. This was especially so for those seg- 
ments of society who struggled to adapt. 
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They pointed out that history was on their side too (see Fig 4.1.3). 
Since the Industrial Revolution, worries about the impact of tech- 
nology on work have surfaced and re-surfaced several times. Even 
if society emerged better than worse off, there were always seg- 
ments who suffered. 


They beseeched society to look at the lessons of history. Society 
splinters whenever segments of society struggle. Left untended, 
the splinters become wounds that take a long time to heal. 


The “Splintering Struggles” set of cities, companies, and citizens 
could see that these segments were growing. In the past, when 
disruption hit an industry, there was enough time to help affected 
workers adapt. They could pick up more advanced skills and 
move up the value chain. If they could not move up, they could at 
least move horizontally to another industry that had not yet been 
disrupted. 


But the pace of technological advances had accelerated. Disruption 
had swept swiftly up and down within industries, and left and right 
across industries. It was bad enough that many workers were dis- 
placed at the same time. It was even worse that now, they could 
not move up or across to better or different opportunities. 


The struggling workers and their companies lost faith in skills up- 
grading and re-training. What was the point if there was no room to 
move? Or if the only work available were nano-tasks with irregular 
payments and token employment protection? Even the fortunate 
ones who managed to “pivot” to another job often had to bear pay 
cuts. The phenomenon of training hard to pick up new skills only 
to pivot to a lower pay scale soon became known as the “Pyrrhic 
pivot”. 
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In these trying times, cities, companies, and citizens rallied to- 
gether. Part of this was altruism and care for the common man. The 
struggling segments were, after all, their friends and family. But a 
big part of this was pure pragmatism. | scratch your back today, so 
please scratch mine tomorrow: I’m helping you now because one 
day, | might struggle too, and | will need your help. 


Cities stepped in to help. They responded to the calls to provide a 
basic income and more social support. Companies chipped in via 
co-payment arrangements. Charities and community groups re- 
doubled efforts to provide financial and non-financial support. Even 
citizens got into the act, volunteering to mentor those affected and 
to match them to opportunities. 


For now, all these could be funded by the productivity gains that 
had finally materialised. Swift, widespread technology disruption 
had displaced segments of society, but it had also raised product- 
ivity by leaps and bounds. These digital disruption dividends could 
be shared with all. 


If these gains persisted, the “Splintering Struggles” group could 
continue to support those who were struggling. Would these gains 
persist though? No one knew. Productivity had stalled before. 


Would they be able to afford to sustain the support if that hap- 
pened? Or, given the splinters that could rip through society, could 
they afford not to? 





Dark Days 

“Dark Days” was a deep pit no one wanted to be in. But some cities, 
companies, and citizens had fallen behind. They had simply failed to 
keep up with technological change, even though the pace of technolog- 
ical disruption had been incremental. 


They did not plan to fall behind. So how did it happen? 


The culprit was culture. And it started with success. 


Future of Work 37 


These cities, companies, and citizens had been successful in the past. 
Their way of doing things was studied worldwide. Nothing attracted 
adulation like success, and these cities, companies, and citizens basked 
in the attention. 


Believing that they understood the secrets of success, they in- 
vested heavily in preserving their perceived strengths. Anything 
that threatened these secrets and strengths, they resisted. It was 
“if it ain’t broke, don’t fix it” on steroids. 


The accelerating advances in technology hardened their resistance. 
Constant upgrading of technologies and skills ironically made peo- 
ple wary and weary of the “next big tech revolution”. Privacy and 
cyber-physical security issues made it easy to argue about the perils 
of technologies instead of their potential. Democratised personal 
technologies put power in the hands of individuals, threatening 
those in power. 


Over time, the prevailing culture was guilty of argumentum ad 
antiquitatem, insisting that the old way was the best way. Let’s not 
rock the boat, they said. 


All this while, the world outside was zipping past them. They failed 
to see that any adulation that they still received was really for past 
successes. Their formalised recipe for success had fossilised. 


When they finally realised that they were falling behind, they 
started blaming each other. Cities blamed companies and citizens 
for not being enterprising. Companies blamed cities for not pro- 
viding enough tax reliefs, grants, and incentives. Citizens blamed 
companies for not empowering them. And citizens and companies 


|” 


blamed cities for having such an “old school” education system. 
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It was a modern Greek tragedy, on an urban scale. Everyone 
wanted each other to do more, but everyone blamed each other 
at the same time. It would have been comical, if the consequences 
were not so dire. 


The dark days were going to get even darker. 











Te 





Steady Spins 


Life was “comfortably hard” for the cities, companies, and citizens 


in “Steady Spins”. 


It was “comfortably” because technological disruption had taken 
place steadily, and not suddenly as the pundits had predicted. Even 
though the pace of advances had increased, the pace of their dif- 
fusion had been incremental. Setting technology standards, inte- 
grating systems, reviewing regulations, establishing ethics, finding 
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business models, and changing organisational and personal be- 
haviours all took time. So there was time for people to adopt and 
adapt. 


It was also “comfortably” because they had a formula for success. 
It was the fast follower formula: adopt what works globally, imple- 
ment fast locally, and repeat religiously. The “Steady Spins” group 
had successfully gone through this cycle over and over again. Their 
fast follower formula spun like a well-oiled machine. 


But it was “hard” because while fast following was easier on the 
intellect, it was harder on the implementation. It might be riskier 
and scarier to forge new paths, but no one else was on that path. 
But once a path had been forged, you are but one of many fast fol- 
lowers. Out-implementing all this competition was extremely hard 
work. 


It was a trade-off, but one the “Steady Spins” group was prepared 
to accept. After all, it had paid off for so many decades. Steady eco- 
nomic growth, steady wage growth, and steady improvements in 
quality and standard of living. 


Technology threatened to throw a spanner into the “Steady Spins”. 
It was not just that technologies were creating fewer jobs over time. 
The economics of digital networks also meant that more and more 
of the rewards went to those who led, and less and less to those 
who followed. Over time, the “Steady Spins” cities, companies, and 
citizens seemed to be capturing a smaller and smaller share of the 
value created by new innovations. 


Citizens felt it most keenly. They saw it every day in their wages 
and working hours. They compared themselves to their friends and 
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colleagues in cities that were leading innovation. They saw clearly 
that they were working much longer hours for the same or less pay. 
They quipped that what “work-life balance” really meant was that 
work was life, or your life would be in the balance. 


They wondered if there was a better way. Could “Steady Spins” 
keep spinning? Or was it reaching the end of its cycle? 





4.2 Recommendations 


A city has some control over whether technological disruption oc- 
curs rapidly or incrementally, but it is only one city out of many in 
the world. Across the globe, cities are investing heavily in innova- 
tion, and their collective actions will determine the pace of techno- 
logical disruption more than any one city’s initiatives. 


Helping its own citizens, however, remains the determination of a 
city’s decisions. Our recommendations thus focus on how to help 
people thrive, and how to help people who struggle. 


Our recommendations have one unifying unit of analysis: tasks. 


For a long time, the unit of analysis for work was “jobs”. Cities cre- 
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ated jobs. Citizens found or changed jobs. Companies automated, 
outsourced or offshored jobs. But something changed in the last 
few decades, even as the lingo did not. Digitisation and globali- 
sation broke down work processes and projects into tasks. These 
tasks were then parcelled out to computers or cities worldwide. 


The atomisation of work into tasks continues unabated. It is 
telling that recent studies on technology and the future of work 
from universities and consultancies all relied on one database. That 
database was the USA O*NET database, which breaks occupations 
down into tasks (see Fig 4.2.2). 
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Information 
Security Analyst 


Plan, implement, upgrade, or monitor security measures for 
the protection of computer networks and information. May 
ensure appropriate security controls are in place that will 
safeguard digital files and vital electronic infrastructure. 
May respond to computer security breaches and viruses. 


TASK 


Confer with users to discuss issues such as computer data 
access needs, security violations, and programming changes. 


Train users and promote security awareness to ensure system 
security and to improve server and network efficiency. 


Monitor current reports of computer viruses to determine 
when to update virus protection systems. 


Modify computer security files to incorporate new software, 
correct errors, or change individual access status. 


Encrypt data transmissions and erect firewalls to conceal 
confidential information as it is being transmitted and to keep 
out tainted digital transfers. 


Review violations of computer security procedures and 
discuss procedures with violators to ensure violations are 
not repeated. 


Maintain permanent fleet cryptologic and carry-on direct 
support systems required in special land, sea surface and 
subsurface operations. 


Develop plans to safeguard computer files against accidental 
or unauthorized modification, destruction, or disclosure and 
to meet emergency data processing needs. 


Perform risk assessments and execute tests of data process- 
ing system to ensure functioning of data processing activi- 
ties and security measures. 


Coordinate implementation of computer system plan with 
establishment personnel and outside vendors. 


Document computer security and emergency measures 
policies, procedures, and test current reports of computer 
viruses to determine when to update virus protection systems. 


Monitor use of data files and regulate access to safeguard 
information in computer files. 


Fig 4.2.2 — The USA O*NET Breaks Down Occupations into Tasks (in this Example, ‘Information 
Security Analyst’ is Broken Down into 12 Tasks) 
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Hence, if we want to understand the future of work, we need to 
have a finer and more accurate unit of analysis than “jobs”. We 
need to analyse “tasks”. 


Our recommendations thus explore tasks at different scales: city, 
company, and citizen. 
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City-scale 1) Explore task-based analysis of the city's economy: 
keep pace with what digital technology is doing to 
work. 


2) Redesign work in existing sectors: start with what 
tasks different people are good at. 


3) Re-imagine work and school: erase the line 
between them, map and match workers and 
students better, and build new collaboration and 
business models. 


4) Create an improved O*NET-type database: help 
government agencies, companies and citizens 
master tasks. 


Company- 5) Help employees transition: help them upgrade 
Skills and find new work. 


scale 


6) Assess enterprise risk to disruption: become 
more resilient. 


7) Expand expertise networks and strategies: 
re-think and re-organise work. 


8) Re-imagine new kinds of work: ensure technolo- 
gies work with people, not against them. 


Citizen- 9) Take displacement and disruption to task: 
expand options for finding new work and for 
Skills upgrading. 


scale 





Fig 4.2.3 — Summary of Recommendations for Future of Work - City-scale, Company-scale, and 
Citizen-scale 
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City-scale 


1) Explore task-based analysis of the city’s economy: keep pace 
with what digital technology is doing to work 

MIT Professors Daron Acemoglu and David Autor have pointed out 
that current models of analysis “do not include a meaningful role 
for ‘tasks’”.'*°! Professor Autor subsequently wrote that “[a] grow- 
ing body of literature argues that the shifting allocation of tasks 
between capital and labour—and between domestic and foreign 
labour—has played a key role in reshaping the structure of labour 
demand in industrialised countries in recent decades”.!*¢! 


Research has found that Technology trends corroborate 
with the focus on tasks. In the 


debate about technology and 
the future of work, it is easy to 
overlook the fact that advanced 
technologies do not replace an 


tasks have “played a key 
role in reshaping the struc- 
ture of labor demand” 

in many cities, and that 


“cities that have higher entire job all at once. In the 
shares of connected tasks field of artificial intelligence (Al) 
experienced higher for example, what we have today 
employment growth.” is “narrow” Al, and not “general 


purpose” Al. Stanford Univer- 
sity’s report “Artificial Intelligence and Life in 2030” states clearly 
that “[i]n the approaches the Study Panel considered, none sug- 
gest there is currently a “general purpose” Al. While drawing on 
common research and technologies, Al systems are specialised to 
accomplish particular tasks, and each application requires years of 
focused research and a careful, unique construction.” B®! 


In other words, what we have is “narrow” Al. It replaces physical 
and cognitive tasks bit by bit. 
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Technologies and cab drivers are a good example. The GPS first re- 
placed some of the drivers’ cognitive tasks in navigation and rout- 
ing. Apps like Uber and Grab then automated some of the tasks 
associated with hailing a ride and picking up a passenger. In the 
future, autonomous vehicles could replace the driving tasks of cab 
drivers. 


Technology thus replaces individual tasks over time. When enough 
tasks within a job are replaced, then the worker with that job is 
displaced. The consultancy McKinsey concluded similarly in a July 
2016 report that “[a]nalysing work activities rather than occupa- 
tions is the most accurate way to examine the technical feasibility 
of automation.” P1! 


Hence, if we explore the economy as a collection of tasks, we 
could have the granularity to see which tasks (and subsequently 
jobs and companies) will be disrupted, and how soon. We can thus 
better prepare industry clusters, companies, and citizens for the 
future. 


At the same time, task-based economic analysis can pinpoint op- 
portunities for future employment growth. When the Netherlands 
Bureau for Economic Analysis conducted a study on “Cities, Tasks, 
and Skills”, they found that “cities with higher shares of connected 
tasks experienced higher employment growth”.>2! 


A study of 168 U.S. cities showed “a positive correlation between 
task connectivity and subsequent employment change, which sug- 
gests that more connected tasks have gained in terms of employ- 
ment share over the last two decades” (emphasis added).!°?! 
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They also found that “spatial connectivity between tasks seems to 
be more effective than spatial concentration of certain tasks and 
labour pool suitability to explain employment growth” (emphasis 
added). They summarised that “task connectivity explains a signif- 
icant part of the changes in employment”, which alternative mea- 
sures “such as the spatial concentration of tasks, do not explain”, 
and that this “importance of [task] connectivity... is not limited to 
either some manufacturing or services industries or particular skill 
groups.” P“ 


Focusing on the granular level of tasks is a comparatively recent ap- 
proach. The early evidence suggests several benefits. We are better 
able to assess the pace of digital disruption, understand shifts be- 
tween capital and labour (domestic and foreign), see how activities 
in cities are connected, and potentially grow employment. 


2) Redesign work in existing sectors: start with what tasks differ- 
ent people are good at 
Focusing on tasks also means we can 


The division of labor design work according to the tasks 

between man and people are good at, instead of what 

machine will shift jobs they are good at. It is a subtle dis- 

over time. Tasks give tinction, but one that can make a big 
difference. 


us the resolution to 


rethink and redesign. 
6 Take the family doctor (also known as 


the GP - general practitioner). Opin- 
ions across our interviews (from med- 
automate, substitute, ical professionals, to think tanks, to 
augment, and comple- | entrepreneurs) were divided about 
ment man in concert. their future. Some thought that with 


We can see where and 
how technology can 
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advanced screening technologies and search engines, people 
would no longer need to visit GPs. Others thought that with ad- 
vanced technologies, GPs could take on specialist diagnosis. They 
could also catch conditions that machines miss. Another group felt 
GPs would remain critical because people need a doctor’s reas- 
surance and empathy, especially in an emergency. GPs could also 
consider related cultural and religious sensitivities, or family issues 
the patient might be facing. And a last group reimagined GPs as 
health and well-being planners, responsible for keeping a commu- 
nity healthy. 


The opinions differ because they focus on different tasks. Advanced 
technologies could take on many of the basic screening and mon- 
itoring tasks. But you would still likely need a doctor to help you 
make sense of the data and information (one interviewee said there 
is just too much information out there, and they often conflict), and 
to make a comprehensive analysis. The trust we have in a doctor’s 
expertise lies behind why we prefer to be reassured by them, and 
why we think that trust could be a powerful force for community 
well-being. 


By looking at tasks, we have a better idea of what can and cannot 
be replaced by technology, and why. We can also tell where tech- 
nology complements or substitutes the doctor’s work. We can then 
reconfigure the combination of tasks and technologies. Tasks give 
us the resolution to rethink and redesign for the better. 


The division of labour between man and machine over these differ- 
ent tasks will of course shift over time with the advances in digital 
technology. But that only reinforces why it is important to under- 
stand the shifts and opportunities at the task-level. 
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This approach works for different sectors and profiles of workers. 


For example, the elderly are a frequent sight at food centres. Many 
work as cleaners, clearing the tables after customers have polished 
off plates of food. It can be a tough physical task, and arguably 
unsuitable for the elderly. One idea on how to redesign the food 
centre tasks for the elderly came up during one of our discussions 
with informants. In a society where the elderly is often accorded 
respect, they could instead take on tasks where they could use 
that respect. If they are given the role of a Hygiene Supervisor, 
for example, this respect could be used to “nudge” customers 
to clear their own trays. Consequently, the technologies that need 
to be developed might then be those that make it convenient 
for customers to do this dirty and dull task themselves, instead of 
robotics that replace the elderly completely. 


The special needs sector provides another example. Two interview- 
ees in this sector suggested that “if companies could tell us the 
tasks needed in addition to the skills, it would make training more 
worthwhile”. People with autism can be better matched according 
to their strengths to more opportunities,©°! and they would also 
better understand how the skills they are learning can be applied 
across different settings. 
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Fig 4.2.4 — Redesigning Recycling and the Circular Economy (see also Artefact from the Future in 
section 4.3) 


A last example is Redesigning Recycling in the Circular Economy. 
This is an ongoing collaboration with two other projects in the 
Lee Kuan Yew Centre for Innovative Cities: Sustainable Futures 
(also funded by NRF and MND through the L2NIC) and the Smart 
Cities Lab (supported by the Chen Tiangiao Programme in Urban 
Innovation). 


The collaboration breaks down the chain of activities typically found 
in recycling into its component tasks, such as collecting, cleaning, 
sorting, transporting, storing, and buying. By re-configuring these 
tasks, we identified ways to redesign the entire chain. These in turn 
could improve existing processes and create opportunities for tech- 
nological innovators, entrepreneurs, and social enterprises (see 
Artefact from the Future — Redesigning Recycling for the Circular 
Economy in section 4.3). 
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Across ages and abilities, and from segments to sectors, focusing 
on what tasks people are good at creates new opportunities to be 
imaginative about how we can redesign the future of work. 


3) Reimagine work and school: erase the line between them, map 
and match workers and students better, and build new collabora- 
tion and business models 

If work is being deconstructed into tasks, we can begin to educate 
and train workers and students differently. For example, employ- 
ers can specify the tasks that are critical to their industry. We can 
draw connections between these tasks and the modular concepts 
and topics in different courses’ curricula (see Future of Education - 
Lesson Design Map). A lesson and training plan, with relevant con- 
tent, can then be automatically composed and combined into a 
lesson (see Future of Education - EduBang) that is delivered in class 
or online to the workers and students. 


Do this for enough tasks, and the line 
between work, training and school 
has disappeared. When workers and 
students complete their projects, as- 
school’s relevance to signments and exams for these les- 
work, and work’s rel- sons, they will effectively be graded 
evance to school. The on how well they understand and 
can apply the classroom concepts to 
actual work settings. Employers will 
thus be able to match work needs 
better: the good grades map directly 
to their work requirements. And if 
two workers or students have the same grades but in different 
tasks, employers will develop a more sophisticated appreciation of 
the similarities and differences between them. 


Using tasks to erase 
the line between work 
and school intensifies 


partnership between 
cities, companies, and 
citizens will intensify 
as a result. 


54 Living Digital 2040 


We can even conduct the classroom training as a training simula- 
tion. With advances in graphics and virtual/mixed/augmented re- 
ality, a wide range of immersive simulated environments can be 
created for a wide variety of tasks. These can be used to give prac- 
tical hands-on training and assessment for workers and students. 
They will be able to develop strong academic, applied, and hands- 
on skills. Furthermore, the training can be tailored to train the right 
combination of academic, applied, and hands-on skills, according 
to the strengths and needs of each worker or student. 


Erasing the line between work and school will intensify the partner- 
ship between government agencies and companies. Intensifying 
school’s relevance to work means companies might be prepared to 
set aside part of their training budgets to fund programs in schools. 
This can help fund some of the costs needed to build new task- 
based systems and infrastructure (such as training simulations). 
Intensifying work’s relevance to school means schools have systems 
and infrastructure that companies could use. This reduces costs 
for businesses. Either way, new and sustainable business models 
can be created to fund the required 
technological investments. If cities want to build 
new models to study 
4) Create an improved O*NET-type | the economy, redesign 
database: help government agen- 
cies, companies, and citizens master i 
and education better, 
tasks 
As highlighted earlier, many recent they should build their 
studies used the USA O*NET data- | Own versions of tasks 
base. This attests to the value of | databases that also take 


a task-based database. It also sug- | advantage of recent ad- 


gests we need to be mindful of vances in data collection 
the findings’ transferability to other 


cities and countries. 


sectors, and match work 


and analysis. 
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If cities want to build new models to study the economy, redesign 
sectors, and match work to training and education better, it would 
be useful to have their own version of the O*NET. They should build 
on what makes it valuable, but also address its shortcomings.?&!57! 


An improved O*NET-type database could have the following: 
e Weighting the importance of different skills to different 
tasks and occupations 


Weighting the importance of different tasks and skills to dif- 
ferent industries 

e Updating — on a regular basis — emerging technologies that 
are complementary to the combination of tasks and skills 
Including tasks that are performed solely by technology 
(gives a complete picture of all tasks i.e., in addition to those 
done by humans only, and those augmented by technology) 
Determining how connected different tasks are within and 
across companies, industries and even geographies 


An improved O*NET-type database should also take advantage of 
recent advances in Big Data, loT and online career networks. These 
could help make the database more accurate and more compre- 
hensive. It might also lower the costs of building, maintaining and 
updating it. 
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Company-scale 


5) Help employees transition: help them upgrade skills and find 
new work 

Companies can focus on tasks to better help their employees tran- 
sition to new tasks and work, whether those workers are displaced 
or are looking to upgrade. They can help employees transition 
through a process like the Task Transition Framework summarised 
in figures 4.2.5 and 4.2.6 (see section 4.3 — Artefact from the Future 
for full explanation). 


6) Assess enterprise risk to disruption: become more resilient 
Our interviews took place in the midst of the raging debate about 
how technology might or might not displace work. While some 
experts warned of impending dislocation, other experts echoed 
what Professor Richard Susskind, IT Adviser to the Lord Chief 
Justice of England and Wales, and Daniel Susskind wrote in their 
book The Future of the Professions: 

<.. increasingly capable machines, operating on their own 
or with non-specialist users, will take on many of the tasks 
that have been the historic preserve of the professions... an 
‘incremental transformation’ in the way that we produce and 
distribute expertise in society.” P’ 
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Fig 4.2.5 — Task Transition Framework (see expanded diagram in section 4.3 — Artefact from the 
Future) 
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Break down what workers do into tasks, and assess if these can be automated: 

e tasks that are routine, predictable, and codifiable will likely be automated in the 
short term 

e tasks that are non-routine, unpredictable, and need flexibility and judgement will 
take longer 


Our interviews with workers across different trades and professions confirmed 
this. In auditing and accounting, for example, auditing which tends to be 
rules-based might see more automation than accounting which tends to be more 
principles-based. Even so, across both fields, the work of interpreting new regula- 
tions and practices and how those match up against the peculiar circumstances of 
each company's operations remain firmly in the hands of humans. 


This will only change if there are game-changing innovations that overcome 
current technological limitations such as perception and manipulation, creative 
intelligence, and social intelligence. 8! 1591160] 


Decision-makers should consider the Return of Investment (ROI), social 
readiness/acceptance (e.g. a hospital head told us that human acceptance 
remains the biggest barrier to using robots in surgeries), and the value of 
human causes (see Drivers of Change) before automating tasks that can be 
automated. 


They should also assess the risks and costs of the automation, especially of 
errors arising from the automation (such as a false negative or positive of a 
medical test, or the loss of property and lives if there is an autonomous car 
collision). 


Our last criterion is peculiar to the digital age. Decision-makers should assess if 
automating the process will affect long-term cognitive capabilities to build 
expertise. As a result of our research, we coined the term “HCI 2.0 
(Human-Computer Interaction 2.0)” to account for this criterion (see Chapter 
4.3 — Task Transition Framework). 


Once they have considered all these, they can determine who will lose their 
jobs, how soon, and how they can help each of them. 





Fig 4.2.6 — Steps in Task Transition Framework (see also Artefact from the Future in section 4.3) 
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Our interviewees also shared similar sentiments. They echoed Pew 
Research Centre’s Public Predictions for the Future of Workforce 
Automation: they did not expect to be substantially impacted 
immediately. ©?! 


Are the former experts too dystopian? Or are the latter professions 
and companies too semi-utopian? 


The polarised views demonstrate that it depends on which tasks 
are being considered. Companies can thus assess their enterprise 
risk according to the tasks they and their employees do. Piece them 
all together and a more comprehensive, realistic and robust pic- 
ture of their companies’ risk to disruption will emerge. They can 
then take the necessary measures for their companies to weather 
or ride the waves of disruption. 
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7) Expand expertise networks and strategies: re-think and re- 
organise work 

Thinking in terms of tasks also offers an interesting new oppor- 
tunity: exploring innovative new ways to re-organise work. 


At the heart of excelling at any task is expertise. Expertise, when 
broken down, is essentially an agile combination of technologies 
(broadly defined to encompass tools and techniques), attitudes, 
knowledge, and skills. For brevity, we call it TASK (Technologies, 
Attitudes, Skills, Knowledge). The better we are at combining 
TASK to solve problems or pursue opportunities, the greater our 
expertise. 


In the past, TASK mostly resided with established experts. They 
were the professionals, the craftsmen, and those with the requisite 
qualifications, certifications and training. If we wanted something 
done, and we wanted to be sure, we would go to these experts. 
More often than not, the majority of the experts and expertise 
were sourced locally. 


i j 
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Digital technologies disrupted that modus operandi. It democra- 
tised, diversified, and deconstructed TASK. Our understanding of 
what counts as an expert and where experts can come from has 
expanded in the following ways: 


Both what counts as a) Established experts: While we 


an expert and where still have the established experts 


as before, the way they operate 
experts can come from 
has broadened. Some will continue 


have expanded. From doing it the way they always have 
task-scale to global-scale, | (either because their experience 
we can take advantage is indeed superior to the available 
of this expanded access technology, or because they are 
to technologies, abilities, | just more comfortable with how 
skills, and knowledge. it has been done). Others would 
augment their capabilities with 
advanced technologies. And others would join forces, and work 


together as a network or community of experts and specialists. 


b) New experts: A new group of non-traditional experts have also 
emerged. They might have a different set of qualifications; or they 
might be para-professionals, who can now do what used to be the 
established experts’ work because they have better training or are 
augmented with advanced technologies. They could also be users, 
who, armed with self-help technology systems and the support of 
like-minded users, are able to offer high quality expertise. 


c) Machine experts: Expertise can now also be found in fully au- 
tomated systems. With deep learning and advanced artificial in- 
telligence, machines might even generate their own expertise. In 
time to come, if technologies ever pass or come close to passing 
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the Turing test, they might take over the role of the human expert 
completely. 


Because digital technology has broken down work and jobs into 
slivers and slices, there are now many more tasks and many more 
ways to access TASK. They can now be performed by many more 
experts, and more types of experts. And they can be found in many 
more geographies. We are no longer limited to what we can find 
around us. 


With digital technology and globalisation, we can go from task-scale 
to global-scale. If companies can innovate and take advantage of 
this expanded access in scale and scope of TASK, and also help their 
workers transition and upgrade (see earlier recommendations), 
they will be better positioned for the future of work. 


8) Reimagine new kinds of work: technologies working with peo- 
ple, not against them 

A lot of the prevailing discussions on technology and work focus on 
whether jobs will be lost or not. Not as much discussion has been 
about what new jobs — and work in general — could be generated. 
This is likely because losses are where impact is most keenly felt. At 
the same time, we have been notoriously bad at predicting what 
new jobs — and work in general — new technologies can create (see 
Fig 4.1.3 in Future of Work Scenarios). 


Recommendations 2, 3, 5, and 7 all suggest that there are many 
new possibilities for creating new opportunities. Technologies 
have become so powerful that as much as they can substitute 
what humans are doing, we have to remember that they can also 
complement what humans are doing. MIT Professor David Autor 
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writes that “[t]asks that cannot be substituted by automation are 
generally complemented by it.” 72 


Partly because we have been bad at it, we do not spend enough 
time imagining how we can design technologies to complement the 
human tasks that cannot be substituted. When technologies give 
us the ability to either substitute or complement, it means we have 
a choice. And if we wish to exercise that choice wisely, we need to 
give it thought and to experiment with new possibilities. 


Startups do this by pioneering new types of work. But this issue is 
too important to be left to just startups. Larger companies should 
also be thinking and experimenting with them. 


One way to do this is via integration into their existing work. Larger 
companies are already experimenting with collaborating with start- 
ups and innovation ecosystems. These could evolve into new work 


and new ways of working. We do not spend enough 


Another way is to do this through | “© IMagining how we 


existing Corporate Social Respon- | Can design new work and 


sibility (CSR) strategies.'’”?! If one 
of the greatest social challenges 
of our time is the economic ques- 
tions surrounding technology and 
work, companies should consider 
dedicating considerable CSR re- 
sources working with their part- 
ners, government agencies and 
even schools to re-imagine how 
to design work and technologies 


new technologies that 
complement the human 
tasks that cannot be 
substituted. We can do 
this in startups, in large 
companies, collaboration 
eco-systems, and through 
Corporate Social Responsi- 
bility strategies. 
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such that they work with and for people, and not against 
people. 


Individual-scale 


9) Take displacement and disruption to task: expand options for 
finding new work and for skills upgrading 

A task approach is also helpful to workers who are displaced or 
about to be displaced by technology. They can expand their options 
about what they could do next by examining related tasks. They are 
likely to be able to find new work more easily as a result. 


Take for example the job of an Information Security Analyst. This is 
currently a growth area but there are now major initiatives to try to 
automate many of the cyber-security tasks that are now performed 
by humans (see for example DARPA’s Cyber Grand Challenge, which 
aims to spur innovations in autonomous protection and attack of 
systems).!/4!!7! In time to come, Information Security Analysts might 
be displaced too. What can they do when that happens? 


Fig 4.2.8 shows how tasks can help. The information is drawn 
from the USA O*NET database. Besides detailing the various tasks 
associated with each occupation, it also identifies the links to other 
occupations that share similar tasks. 


TASK 


Confer with users to discuss issues such as computer data 
access needs, security violations, and programming changes. 


Train users and promote security awareness to ensure system 
security and to improve server and network efficiency. 


Monitor current reports of computer viruses to determine 
when to update virus protection systems. 


Modify computer security files to incorporate new software, 
correct errors, or change individual access status. 


confidential information as it is being transmitted and to keep 
out tainted digital transfers. 


Review violations of computer security procedures and 
discuss procedures with violators to ensure violations are 
not repeated. 


Maintain permanent fleet cryptologic and carry-on direct 
support systems required in special land, sea surface and 
subsurface operations. 


Develop plans to safeguard computer files against accidental 
© or unauthorized modification, destruction, or disclosure and 
to meet emergency data processing needs. 


© Encrypt data transmissions and erect firewalls to conceal 


Perform risk assessments and execute tests of data process- 
ing system to ensure functioning of data processing activi- 
ties and security measures. 


Coordinate implementation of computer system plan with B 
establishment personnel and outside vendors. 


Document computer security and emergency measures 
(4) policies, procedures, and test current reports of computer © 
viruses to determine when to update virus protection systems. 


Ə Monitor use of data files and regulate access to safeguard 
information in computer files. 





Fig 4.2.8 — Using Related Tasks to Upgrade 
Skills and Find New Work (based on data 
found in USA O*NET) 
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Looking from left to right, the displaced Information Security 
Analyst can easily identify adjacent occupations which value the 
tasks he has experience in. By looking at tasks, the options have 
expanded: there are opportunities in his current sector and in 


adjacent sectors. 


Workers can also identify 
which adjacent occupa- 
tions they could move to 
and which value the tasks 
they have experience in. 
Thus, by looking at tasks, 
the options have expand- 
ed: there are opportuni- 
ties not only within their 


Workers can also go from the 
right to left. This will be useful for 
workers who are in occupations 
that are not immediately threat- 
ened, but know it is a matter of 
time. One of the challenges of 
upgrading skills ahead of time is 
the nagging question of whether 
those skills are worth the invest- 
ment in time and money. Taking 


current sectors, but also a task approach means the work- 


. : er now knows what specific tasks 
in adjacent sectors. a 

to target, making it easier for him 
to pinpoint exactly what skills and new technologies need to be 


picked up. 


Take for example the Computer Programmer (see Fig 4.2.8). His 
job might be threatened by technology in the medium term. He 
can plan to transition to a Database Administrator. He can identi- 
fy the tasks where he has no experience or skills in. He can then 
make plans to either gain some experience in those tasks (by asking 
for opportunities with his current employer), or attend skills and 
technology training in them (on his own, through his employer, or 
through government sponsored initiatives), or both. 
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When his current job is finally disrupted and displaced, he is ready 
to move on. Or he might already have moved on, in pursuit of his 
interests. Either way, he has become more resilient. 


Conclusion 

Our recommendations prioritise helping people find meaningful 
work opportunities. We are aware of recent discussions about pro- 
viding social benefits for those who are permanently unable to find 
new work. Those are important; they are also likely to be untenable 
if done on a large scale. Moreover, deciding now that we cannot do 
anything to create large scale opportunities for many is arguably 
premature. Focusing on tasks can create those opportunities. 
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4.3 Work in 2040 


Task Masters 


Work was transformed once again, as tasks steered skills and jobs. 


Once you can deconstruct into tasks, you can reconstruct into any 
combination and permutation. To be a master at tasks was to be a 
master of scale. 


At the scale of specific tasks, it was easier to identify specific skills 
that students and workers needed to master tasks. It was easier to 
identify who could help them, either in the city or globally. It was 
also easier to identify and develop the specific technologies that 
could augment their performance of those tasks. Augmented with the 
right technologies, they could even transcend their age, abilities, and 
disabilities. 


At the scale of individual citizens, master enough technologies, abili- 
ties, skills, and knowledge (TASK) for enough tasks, and each of them 
could be a master of deep craft.!”°!!””1 They could become excellent or 
even the best in the world, whether they were still salaried, frequently 
freelancing, or somewhere in between. And that ensured they had a 
place in the sun. 


It also helped workers displaced by | To be a master at tasks 
automation and outsourcing. They was to be a master of 
were no longer limited to looking 
for new work that was like the jobs 
they lost. They could also scan sec- 
tors that valued similar tasks. This | Of tasks gifted the capaci- 
immediately expanded the opportu- | ty to reconstruct into the 
nities available. It was also easier for | scale of the world. 


scale: the dexterity to de- 
construct into the scale 
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prospective employers to see the fit, even if the workers were from a 
different sector. 


For citizens then, being task-oriented meant they thrived more and 
struggled less. 


At the scale of companies, mastering tasks meant mastering change. 
They could track which tasks in their companies were being disrupt- 
ed by the accelerating advances in technologies. They could pinpoint 
which parts of their businesses and which employees were under 
threat, and thus respond swiftly. They could also watch which tasks in 
their local, regional, and global markets were being digitally disrupted. 
They could thus innovate, seize the opportunity to disrupt competi- 
tors, and grow their companies. 


Companies could also strategise and organise work in new ways. They 
were no longer constrained by the expertise they could find around 
them. They could now access affordable expertise and technologies 
from both established and unconventional sources, and from any- 
where in the world. Any company that wanted to thrive could now 
build an integrated local- and global-scale network to boost its com- 
petitive advantage. 


It was the same for cities. For them, mastering tasks was a new strate- 
gy to do better and to do different. How to educate students. How to 
train workers. How to draw on the world. And how to draw the world 
to the city. 


The dexterity to deconstruct into the scale of tasks gifted the capacity 
to reconstruct into the scale of the world. 
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Artefact from the Future: Task Transition 
Framework 


Kim, late 40s 


Task Transition 


Expert 





Year 2020: Task Transition Framework!”***! 


Helping workers make regular and rapid transitions to new and 
more valuable tasks in times of technological disruption. 


Everyone agreed Kim was super sassy. She stood up for herself and 
others, with wit to boot. She cared about the company and her 
colleagues. She understood technology and what it could do. So 
it was no surprise that when the crunch came, she was entrusted 
with the task. 
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It was an important task. She was to help her colleagues quickly 
transition to new tasks within the company. If only she had more 
time, she thought. 


The new company management could not wait to use technology 
to automate as much of the company’s work as possible. The old 
management had been slow to capitalise on artificial intelligence, 
robotics and Big Data. It was time to rectify that. The sooner the 
better. The company would be a lean, mean, money-making high 
tech machine. The new management gave Kim three months to 
determine what could be automated, and which employees would 
stay or go as a result. 


Kim set to work immediately. 


She felt that the right “resolution” was to focus on the tasks that 
people did within their jobs and not on jobs per se. She wanted 
to hear directly from those who actually did the work day-to-day. 
She spent hours each day talking to as many of her colleagues as 
possible. 


She did all this face-to-face. She knew she could have saved 
some time if she messaged, multi-media emailed, or multi-reality- 
sensory mobile-conferenced them, but she also sensed face-to- 
face was best. Because she was genuine and jaunty, her colleagues 
warmed to her, even as they knew their livelihoods were at stake. 


The most heartfelt sentiments came from her colleagues who 
were in their 60s. They had experienced the business process 
re-engineering movement of the 1990s. They remembered that 
the movement’s use of information technology and the focus 
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on the outcomes of tasks had achieved process and productivity 
improvements. They also rued that in many cases it had alienated, 
retrenched, and disillusioned people. They confided in her that 
they had a foreboding sense of déjà vu. They advised her to look 
carefully into the potential, perils, and pitfalls. 


Her technical colleagues pointed her to Agile Development and 
Scrum. Developed and used since the 1980s, its methods include 
breaking down entire projects into tasks in such a way that large 
teams could work on them collaboratively and productively. It 
looked like a successful process, one that had many useful lessons 
to offer. 


Kim herself was concerned about “Digital Taylorism”. When she 
was in school, she had read about the promise and problems of 
early 20th century scientific management. She had even read 
Aldous Huxley’s “Brave New World” and watched Charlie Chaplin’s 
“Modern Times”, satires of scientific management’s dehumanising 
effects. She knew that even though she could now use technology 
to accurately measure what each of her colleagues were doing, it 
did not mean that she necessarily could or should measure every- 
thing. She wanted to be sure she did not end up dehumanising the 
company. 


She integrated all that she learnt into a framework: the Task Transi- 
tion Framework. She could use this framework to determine what 
and how tasks could be automated, and which of her colleagues 
would stay or go as a result (see Fig 4.3.1). 
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This was how the Task Transition Framework worked: 


a) Step 1: Break down what everyone does into tasks. 

Companies have done this for much of modern industrial history. 
Be it scientific management from the early 1900s, total quality manu- 
facturing, re-engineering, Six Sigma movements in the second half 
of 20th century, and the extensive use of Customer Journeys in 
design and Agile Development in product development. 
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Fig 4.3.1 — Task Transition Framework 
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b) Step 2: Assess if the tasks can be automated based on the 
matrix below (augmented with examples from healthcare): 


Tasks requiring 
limited sensory- 
motor 
coordination 


Tasks requiring 
fine sensory 
motor- 
coordination 


Tasks typically 
considered as 
knowledge work 


Likely in the short term Possible if technologies and tasks are re-designed 
by automating with 
existing/emerging tech 


e.g. turning patients over in e.g. positioning patients correctly in an operat- 
their hospital beds ing theatre 


Likely over the long term Maybe if technologies and tasks are re-designed 
with accelerating advances 
in tech 


e.g. stapling of wounds e.g. sewing up wounds through the DaVinci 


for some surgeries machine 


Likely over the short term Unlikely unless technologies pass or come close to 
especially those with formal passing the Turing test 
logical rules 


e.g. monitor dementia e.g. reassuring patients; encouraging students; 
patients for erratic but typical dealing with pandemics 

behaviours at night; 

dispensing medication (even 

as medications are more 

complex); basic health 

screening 





Fig 4.3.2 — Likelihood of Automation 


The rows and columns in the above table were sparked by the discussions found in Why are there 
still so many jobs? The history and future of workplace automation,’??! and built upon through 
subsequent discussions, workshops and further research (for example, our project comprehensively 
reviewed the trends in surgical robots as they are considered the state-of-art in the evolution of 
robots; our review gave us a good idea of how robotics will make steady progress in degrees of free- 
dom, multi-functional capabilities, autonomy, tolerance for human error, reduced training needs, 


and lower operating costs.) 
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In brief, tasks that are routine, predictable, and codifiable will 
likely be automated in the short to medium term. This will be 
the case whether the tasks are physical in nature, or cognitive/ 
knowledge-based in nature. 


Tasks that are non-routine and unpredictable, needing flexibility 
and judgement will take longer to automate. It might be possible 
to automate some of them. Automation for the rest will remain 
unlikely. 


Technology trends should also be assessed for game changing 
innovations that could overcome current limitations that prevent 
technologies from taking over a human’s job. These technological 
limitations include: 


Perception and Finger dexterity; Manual dexterity; Cramped work spaces 
manipulation needing awkward positions 


Creative intelligence Originality; Fine arts 


Social intelligence Social perceptiveness; Negotiation; Persuasion; Assisting/caring 
for others 





Fig 4.3.3 — Technological Limitations 
Summarised from Frey, C. B., & Osborne, M. A. (2013). The future of employment: how susceptible 
are jobs to computerisation.! 
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c) Step 3: For the tasks that can be automated, decide if the tasks 
should be automated: 
a. Consider the ROI (i.e. Return on Investment) 
b. Consider the risks and costs of the automation, especially 
those of an error arising from the automation (e.g., false neg- 
atives or positives; if there is an accident with the machine) 
c. Consider if there are moral and ethical reasons not to do it 
(e.g., discriminatory). 
d. Consider social readiness/acceptance 
e. Consider human causes (see Drivers of Change) 
f. Consider if long term human cognitive abilities to develop 
expertise will be compromised (see HCI 2.0 in the box below) 


Premise of HCI 2.0 (Human-Computer Interaction 2.0) 

“HCI 2.0” is an overarching theme we coined to account for 
several emerging trends across several fields that we observed in our 
research for Living Digital 2040. 


When we begin to rely on technologies for substantial cognitive 
tasks such as identifying patterns and making decisions for us, 
we are diminishing the intensity of our thinking. How many times 
have we felt a suspicion that our arithmetic ability is getting worse 
because we rely on our calculator app all the time? How often have 
we noticed that we don’t seem to remember our friends’ birthdays 
and anniversaries because now we are conveniently reminded by 
our calendar app or birthday-reminders.com? 


DU 


Software tends to undermine users’ “ability to encode information 


in memory, which makes them less likely to develop the rich tacit 


knowledge essential to true expertise”.°*°%! Nobody is certain of 
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the exact mechanisms or the extent to which this will affect our 
cognitive abilities as it is only recently that the penetration of tech- 
nologies into our everyday lives became so deep. 


There are already many anecdotal and qualitative studies that 
show the danger. A series of experiments reported in Science 
(2011) indicated that the ready availability of information online 
weakened our memory for facts.9! Simply knowing that an expe- 
rience has been photographed with a digital camera weakened a 
person’s memory of the experience." 


When we start relying on automation for conducting our cog- 
nitive tasks such as pattern recognition and decision making, we 
“hamper the mind’s ability to translate information into knowl- 
edge and knowledge into know-how’”,'2°-13] and evidence can be 
found in many recent literature, e.g., in game playing ,?°! in 
accounting,°7 in financial trading,“ in programming"! and in 


way-finding.29241 Reliance on GPS navigation tools over many 


years reduces hippocampus function in our brain, resulting in pos- 
sible likelihood of developing dementia." 


Again an analogy can be made with the effects of diet or lifestyle in 
a person’s life. There is a difficulty of clearly establishing cause and 
effect when it takes many years and decades to study empirically. 


We need to pioneer a new field, HCI 2.0, to examine these lon- 
gitudinally. Celebrating our increased efficiency, productivity and 
convenience is good, but we need to start thinking of designing our 
technologies to support these ‘tangible’ dimensions without com- 
promising, or at least with clear awareness of, the long-term impact 
it has on our cognitive abilities. 
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d) Steps 4-6: Determine who will lose their jobs, how soon, and 
how to help each of them (see Recommendations 5, 6, 7, and 8). 


Kim was ready to try out the Task Transition Framework. She had 
been given three months to give her recommendations, and the 
days and weeks were flying by. Her colleagues were getting visibly 
more anxious. They would come by to speak with her, ostensibly 
on work, but what they really wanted to know was if they should 
prepare for life outside of the company. 


Kim knew that being sassy and witty had helped her so far in man- 
aging her colleagues. To pull all this off though, she would need all 
the wits that she could keep about her. 


1) Independent 
collectors 


2) Consumer apps 


3) Public waste 
collectors 


4) Entrepreneurs 


5) Social enterprises 


6) “Sharing economy 
platforms 


"m 
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Fig 4.3.4 — Redesigning Recycling and the Circular Economy 
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Notes: 

1) Traditionally, independent waste collectors went from door-to- 
door (alerting households with a characteristic honk). Known collo- 
quially in Singapore as “karang guni” or “rag and bone man”, they 
would pay for and pick up unwanted items. The households dis- 
posing of these would likely have done a rudimentary sorting of 
their items. Some would have cleaned them beforehand, but not 
always. The independent waste collectors would then cart these 
items away to be sold, earning an income for themselves. 


2) With the advent of digital technologies such as apps, sellers can 
now list items online for buyers to pick and purchase. The seller and 
buyer would agree to make their own way to somewhere mutually 
convenient for the exchange of items and monies. An example of 
this is the Singapore-based app Carousell. 


3) Members of the public dispose of their unwanted items into bins, 
sorting different materials (e.g., paper, plastic, glass) into different 
bins. No payment is received. Public waste collectors would then 
pick up the items from the recycling bins. Unfortunately during 
the transportation process, the items can become mixed up i.e., 
undoing the early sorting. The public waste collectors would then 
re-sort and clean the items to be stored and sold subsequently. 


4) The above immediately creates an opportunity for an enter- 
prising firm to provide a transportation service that does not in- 
advertently mix up the different items. This service could be 
complemented with a bin re-design that encourages members of 
the public to dispose of the right items in the right bins. 
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5) Another opportunity is for social enterprises to redefine re- 
cycling as an opportunity for education and training in repair/ 
repurposing. Members of the public and even students can be en- 
couraged to bring their unwanted items to community centres, 
schools, supermarkets, and other communal points or even lock- 
ers for repair and/or maker movement workshops. They can then 
reuse/purpose these items or sell them. 


6) Opportunities are greatly expanded with the use of digital 
technologies. Digital solutions can be created to aggregate items 
from sellers and members of the public, match items of high and 
low value, and consolidate demand from potential buyers or par- 
ties in need, such as charities. There might also be opportunities to 
create a task marketplace for freelancers or firms to provide ser- 
vices in cleaning, sorting, transporting, and collecting. The larger 
opportunity then becomes one of how to configure all of these 
intelligently. 


5 Future of Education 


5.1 Scenarios!*“*¢! 


It was a world of possibilities. Technology had turned education 
into a web of choices. 


Lessons could be self-paced or peer-tutored. It could consist of 
real-reality learning journeys or multi-reality learning experiences. 
It could be inside-out, starting with theories and concepts, or 
outside-in, starting with problems and challenges. It could be done 
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in person, one-on-one or in a classroom; or, there was an app for 
that, as well as a teach-bot or MIDAs (Massive Interactive Digital 
Academies). It could be roll-up-your-sleeves and hands-on, or it 
could focus on expanding the “empires of the mind”. 


Students, teachers, and parents could choose and curate according 
to what they wanted. 


Or what their school leaders wanted. 
Or what companies wanted. 
Or what their city leaders sitting on top of it all wanted. 


Yet, for all the possi- Yet, for all the possibilities tech- 


bilities, there were two nology created, there was one 


dimen on thaedinai dimension that technology could 


not resolve on its own: what 
ogy could not resolve on l 
the purpose of education should 


its own: the purpose and be in a city. Was it to fulfil per- 


objective of education. sonal possibilities and private 
aspirations? Or was it to meet public priorities and achieve societal 


goals? 


That dimension gave rise to a related one. Was the objective of 
education functional, geared towards helping school leavers find 
jobs, grow economies, and improve societies? Or was the objective 
of education fun, oriented to help students discover their interest, 
passion, and raison d'être? 


These were decisions cities, companies, and, citizens had to make. 
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Whether it was driven from the ground by citizen choices, negoti- 
ated among citizens, companies, and cities, or imposed from the 
top by cities, their decisions along the “personal possibilities-public 
priorities” and “fun-functional” dimensions defined the future of 
education. 
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GDP 
Those who chose “GDP” decided that the purpose of school was to 
train workers to meet national economic (and some social) goals. 


It was inevitable. Worldwide growth had lost speed, as the growth 
in many emerging economies slowed due to the pace of structural 
and regulatory reforms. As growth slowed, cities and countries 
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competed even more aggressively. They all thought there was not 
enough to go round for everyone. Better to grab what there was. 


Many of them relied on the one strategy that had worked in 
the past: building work-ready capabilities. Technologies had made 
it possible to educate and train more people more quickly. If 
a sufficiently deep pool of industry capabilities could be built, it 
would attract investments. The investments would drive economic 
growth and the creation of indigenous startups. These in turn 
would provide the resources to further build and develop cities and 
citizens. 


Some criticised this bend-to-the-economy strategy. But these 
critics grudgingly acknowledged the strategy had helped to meet 
the demands on the public coffers. And the demands had grown 
tremendously. Aging populations needed to be cared for, aging 
infrastructure had to be maintained, and smart cities required 
huge investments. And someone had to pay for all the technolo- 
gies that made cutting-edge education, training, and upgrading 
possible. 


The students whose interests were aligned with the public priori- 
ties were the lucky ones. They studied what they wanted, and not 
what they had to. 


Parents and teachers did not all agree with the system, but they 
also saw that it had opened wide doors for careers. They remained 
concerned for those whose interests did not fall in line with the 
public priorities. The teachers tried their best to make the classes 
“relevant” and interesting. There was some success, but it was 
not across the board. Parents began contemplating sending their 
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children overseas on alternative education pathways and work 
trajectories. For many of these parents, they privately felt thank- 
ful that at least the economy was steady, providing them with the 
work and incomes that made sending their kids overseas an option 
they could even contemplate. 
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ROI 


While some cities, companies, and citizens chose “GDP”, others 
chose the “ROI” route. Those who chose “ROI” decided that the 
purpose of school was to train workers so that they could secure 
good jobs for themselves. 


“ROI” was a close cousin of “GDP”: it too was about being able to 
compete locally and globally. But it was the choice of cities, com- 
panies, and citizens who felt “GDP” smacked too much of industrial 
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policy. Pointing to the past, they were sceptical that governments 
could pick the right winners. Better to let the capabilities emerge 
organically, and the best way to do that was for citizens and compa- 
nies to lead the way. 


Inevitably, parents and students chose areas of study that had a 
high payoff. Very often, this was in the form of high pay. If they 
could not get high salaries immediately after they left school, then 
at least there should be some prospect of higher salaries in the 
medium term. 


Schools did not have to worry about making lessons interesting 
to students. But that did not mean the schools had an easy time. 
Lessons did not need to be interesting; but they had to be useful. 
Parents and students often challenged principals and teachers on 
why they had to learn a certain subject. 


Even worse (or better, depending on perspective), because tech- 
nology had made it possible to slice and dice lessons into nano- 
content, parents and students would often challenge the schools 
on these too. It was a never-ending tussle. Stressed out teachers 
told of waking up in cold sweat, after nightmares of parents and 
students screaming “what jobs will this be used in?” 


There were critics of course. There were those who believed that 
education was not just about getting a job. They were worried 
about the “vocationalisation” of education. Others felt that edu- 
cation should be broad-based. Being able to draw on knowledge 
across disciplines was fundamental to an innovation economy. 
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Another group argued this favoured families of higher socioeco- 
nomic status, who had more money, contacts, and time to invest in 
their children outside of formal schooling. 


The upside was that students made a seamless transition into the 
workforce. Companies were pleased that school leavers had such 
strong and relevant academic basics. They did not mind paying 
higher salaries for them. Cities were pleased too. They believed 
in the mantra that if students and workers flourished, cities would 
flourish too. Of course, they often omitted that what they meant by 
flourish was largely measured by ROI. 
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Diametrically opposed to “GDP” and “ROI”, were the cities, compa- 
nies, and citizens who believed education should be all about the 
pursuit of fun. 


“HYOLO” believed in the idea that “function follows fun”, man- 
aging to turn modernist design principles on their side (and their 
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pioneers in their graves), and to lay out its educational philosophy 
at the same time. What mattered was play, and whether students 
enjoyed what they did. The utility will follow. 


They cited studies from various countries showing how play was 
important for motivation and social development. They pointed 
to studies of genetics and pedagogy that found that formal study 
of certain subjects could start later, without any loss of academic 
achievement subsequently." They emphasised that children and 
teenagers are only young once in their lives. 


They admitted that this might not have been feasible in the past. 
But now, technology had made all this possible. When you can learn 
almost anything at any time, and when you can learn from anyone 
in the world, and when you can accelerate your learning with ana- 
lytics, there is time to play and have fun first. °°77 


The #YOLO parents and students demanded that cities structure 
their schools to follow this philosophy. Lessons had to be enjoyable, 
engaging, and interesting. No matter how obscure any student’s 
interest was, the school was expected to cater to it (because 
technology had made it feasible). 


Schooling was no longer the culprit that “took away the light in 
students’ eyes”. The eyes sparkled. Parents and teachers noticed 
students were more interested in their studies. They also noticed 
students were prepared to go the extra mile and were amazed at 
some of the creative ideas the students sometimes came up with. 
They felt it bode well for the future. 
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But to companies, it was not so clear the school leavers they hired 
were quite so sparkly. Company hiring managers wondered if the 
students had a strong foundation of the basics. They also saw that 
they had to provide more work-specific training. And their new 
hires were often very easily bored: making work fun was hard work. 
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HAM 
The “HAM” set of cities, companies, and citizens believed that 
through musicals and movies, education could be fun and still meet 


public priorities. 


Hip hop. Smash hit. Class lessons. Who would have thought a 
Broadway hip-hop musical about a historical figure would make its 
way from stage to school, and inspire many around the world? 
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That musical, Hamilton, was a huge hit, both with the critics and at 
the box office. Its success galvanised classrooms and communities. 
Teachers taught with it. Foundations offered to support and subsi- 
dise tickets for students. Study guides were developed. An online 
education portal was built. The Wall Street Journal even created a 
computer algorithm to deconstruct and demystify the allure of its 
“complex rhyming lyrics” (see Fig 5.1.6).8°%°! 


Hamilton showed educators worldwide that there was a potential 
new way (they were quickly nicknamed the “HAM” advocates): 
one that combined fun and entertainment, and communities and 
charities, to educate students about important values and ideas in 


society. 


A) Original lyrics from musical 

How does a bastard, orphan, son of a whore and a 
Scotsman, dropped in the middle of a 

Forgotten spot in the Caribbean by providence 
Impoverished, in squalor 

Grow up to be a hero and a scholar? 


B) Deconstruct lyrics using CMU Pronouncing Dictionary 


a) Break up each word into syllables 

b) Map each syllable to phonetic sound 

c) Check which syllables rhyme with each other 
(e.g. vowel sounds, consonant sounds, and stresses) 


C) Pass through an algorithm 


a) Assign scores to the rhymes 

b) Cluster rhymes based on scores 

c) Improve visualisation — treat as similar to 
travelling salesman problem in computer science 


D) Lyrics with rhymes clustered 

How does a bastard, orphan, son of a whore 
and aScotsman, dropped in the middle of a 
Forgotten spot in the Caribbean by providence 
Impoverished, in squalor 

Grow up to be a hero and a scholar? 


OR rhyme: or; whore 

AH-N rhyme: phan; son; and; man; in; en; 
in; an; dence; Im; in 

AA-T rhyme: Scots; dropped; got; spot 

IH rhyme: midd; i 

ER rhyme: For; Car; er; lor; lar 

AA rhyme: pro; pov; squa; scho 

OH rhyme: Grow; ro 


Fig 5.1.6 — Integration of Hip Hop, Rhyme, Digital, and Education 
Adapted from WSJ (see reference). This also demonstrates the potential of digital technologies in 
school e.g., deconstruct popular songs. 
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“HAM” coincided with two other trends. The first was the increas- 
ing use of real science in science fiction movies. Science fiction had 
always inspired science. But since movies like Minority Report in 
the 2000s started paying more attention to scientific research, sci- 
ence was also inspiring science fiction.” And in the 2010s, movies 
from The Martian to Ghostbusters all endeavoured to be as scien- 
tifically accurate as possible. 


The second was the use of games in the classroom. From flinging 
furious fowl at giggling piggies to learn science concepts, to catch- 
ing pocket monsters to discover new places and people,®*“°! these 
built on longstanding efforts of adopting and adapting games for 
education. 


All these meant that movies, musicals, and many other types of 
entertainment could be used to achieve serious educational goals. 
In a world short on attention but saturated with media, they were 
able to hold on to students’ attention, sometimes for hours. 


Technology helped in many ways. Firstly, it became much easier 
to find these sources of science in entertainment. Secondly, the 
sources could be curated into a class. Thirdly, the sources could be 
easily shared with other teachers and students. Techniques such as 
“gamification” also expanded the tools available to keep students 
motivated. Lastly, technology helped to keep costs down, increas- 
ing accessibility. 


It really did feel like the “HAM” group was on to something. But it 
had its critics. After all, imbibing values through fun public educa- 
tion sounded too much like mass propaganda. Was that not what 
nation- or city-wide games, festivals, and parades aimed to do? 
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Other critics who did not think it quite warranted that label, 
pointed out that the costs would be exorbitant and prohibitive. 


And new concerns arose: was this effectively abdicating the public 
role of schooling to commercial entertainment? 





5.2 Recommendations 


The future could pan out into one of the four scenarios. It could 
also be a mix of them. We want to be ready for all of those possibil- 
ities, which would give us the greatest agility to adapt. 


If your city has a high quality education system, what else can you 
suggest to it? We can suggest ways to use digital to build on that 
strength. Digital means education can now scale from one student 
to the whole city (and even the world). We can reimagine how we 
help more students and teachers succeed on their terms, while 
closing digital divides and gaps. And of course, we can give ideas 
about how to raise the average performance of its students. 


Our recommendations thus have a unifying aspiration: personal 
peaks. Digital opens many doors to nurture each student or 
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teacher to attain their peaks in what they are strong in or choose 
to excel in. Just like Adi, whom we introduced at the start of this 
report, but now imagine the same for every student and teacher 
in the city. They would be motivated by their pursuit of excellence, 
taking risks and taking charge of their own learning. 


Our recommendations have three broad thrusts: equipping, elevat- 
ing (at scale), and excelling. 


Approach Recommendations 


Equipping 1) Build technologies to modularise, automate and personalise teaching and learning. 
2) Close digital divides and the “now-can” digital gap. 


3) Expand experiments with technologies. 


Elevating 4) Peer tutor digitally at city-scale to raise educational effectiveness. 


(at scale) 5) Nurture empathy at the city-scale. 


6) Peer tutor digitally at the global scale to seed global citizenship. 


7) Help each student/teacher access an affordable global team of mentors. 


Excelling 8) Spot students’ strengths and talents by erasing the line between school and work. 


9) Be agnostic about measures of success. 





Fig 5.2.2 — Summary of Recommendations for Future of Education - Equipping, Elevating (at scale), 
and Excelling 
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Equipping 


1) Build technologies — such as Lesson Design Maps and 
EduBang — to modularise, automate, and personalise teaching 
and learning 

The astute teacher will look at the scenarios and ask a very practical 
question: how do | prepare and teach my lessons? The teacher of 
tomorrow will have to make the lessons interesting and fun, but at 
the same time useful and functional. He will also have to person- 
alise the lessons while serving a larger public purpose. 


We have to help teachers to do this as effortlessly as possible. 
Lesson Design Map and EduBang — two Artefacts from the Future 
that we created for Living Digital 2040 — illustrate what we mean. 
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Fig 5.2.3 — Lesson Design Map (see also Artefact from the Future in section 5.3) 


Lesson Design Map (see section 5.3 — Artefact from the Future) 
modularises: it takes different subject syllabi and breaks them 
down into modular concepts and topics. These modular pieces are 
then rebuilt into connections between subjects.'8°°! They are also 
rebuilt into connections across different scales: from the global 
(such as climate change challenges), to the personal and everyday 
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(such as fast fashion). Tying this to the formal curriculum is key. The 
different subject syllabi have been rigorously put together. Building 
on that strength helps schools do more, more quickly. 


While Lesson Design Map modularises, EduBang automates (see 
section 5.3 — Artefact from the Future).©" Increasingly accurate 
computational technologies such as computer vision and natural 
language processing enable meaningful modular materials (e.g., 
videos, movies, music etc.) to be composed and combined into 
new materials. They will be easy to search, browse, create, and dis- 
seminate. With so much content now available, technologies like 
EduBang can do this not just for any syllabus but for any content 
with embedded educational value. They can also automate the 
reassembly into different and larger lessons. 





Fig 5.2.4 — EduBang (see also Artefact from the Future in section 5.3) 
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EduBang makes it easier to use the Lesson Design Map. Teaching 
with the Lesson Design Map is best executed by a team, but that 
makes it more challenging to implement. With technologies like 
EduBang, teachers of different subjects could easily assemble rele- 
vant content for each other. This content could in turn be assigned 
to students for self-paced learning, flipped classrooms, or peer 
tutoring. Students could also assemble the content for themselves 
as an assignment or project. 


Pedagogies and models 
will continue to shift and 
transform. Technologies 


Once we can deconstruct and 
reconstruct this way, the pos- 
sibilities expand rapidly. From 


like Lesson Design Map the Gutenberg printing press, to 
car manufacturing (Ford in the 
1910s, Toyota in the 1950s), to 


modular IT platforms, modular 


and EduBang mean teach- 
ers can assemble lessons 


quickly according to how and interchangeable parts have 


they teach and how each always transformed social and 
student learns. Schools economic sectors. 

can not only personalise 

Moreover, in the next two de- 
cades, the “right” pedagogies 


and models will shift or be trans- 


learning; they can also 
personalise teaching. 


formed. Technologies like Lesson Design Map and EduBang can be 
designed to be “agnostic” — teachers can assemble lessons quickly 
according to any pedagogy, teaching modality, and learning style. 
They can also assemble them according to how they teach and how 
each student learns. 


A lot of the focus so far has been on personalised learning. Now 
schools can also personalise teaching. 
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2) Close the “now-can” digital gap: raise parents’ digital literacies 
and close digital divides 

Lesson Design Map and EduBang demonstrate one thing: what we 
do now with digital often lags behind what we can do with it. This 
“now-can” gap could widen as technological advances accelerate. 


Schools often help students and teachers raise their digital 
literacies>?°2! to close this gap. This is already done well through 
the systematic introduction of relevant technologies and training. 
One teacher — not known to mince her words — summed it up 
best when she shared that the Singapore Education Ministry was 
“good at providing resources, infrastructure and training... and 
there are conscientious people thinking about the future.” 


What happens in school | We can do more. If we envision 
can be easily reinforced parents as equal partners in edu- 


or unravelled at home cation, and part of a larger learn- 


(and vice-versa). Raising ing community, then raising digital 


ns : r literacies is important for parents 
digital literacies across 
too, and not just for teachers and 
teachers, students, 
students. For those parents who are 


and parents (especially interested, it is time for schools to 


those from less privi- help parents “go back to school”. 
leged circumstances) This can be done through online 
ensures we can open up | courses, digital peer tutoring?’ 
opportunities to all. (see Recommendation 4), or face- 


to-face classes conducted in school, 
in community centres or by external providers. The course con- 
tent will have to be aligned to what is happening in their children’s 
schools. Otherwise, if there is a digital gap between parents and 
teachers and students, it will constrain how seamlessly they can all 
work together. 
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This is especially so for parents and students from less privileged 
circumstances. Educators we spoke to stressed that the nurtur- 
ing and education in school can be easily reinforced or unravelled 
at home (and vice-versa). Many parents want to play a more ac- 
tive part but are constrained by their circumstances. Raising their 
digital literacies will ensure they are not inadvertently left behind 
by the march of technology, and help narrow some of the gaps 
in out-of-school support for students from lower socioeconomic 
backgrounds. !©°! 


In summary, closing the “now-can” gap means we can now open up 
opportunities to all. 


3) Expand experiments with technologies: be creative in making 
digital work for us 

Schools are already experimenting with “flipped” classrooms, 
blended learning, games and gamification, real world projects, 
adaptive testing and learning, and education ICT of all stripes. !©1!o! 


Raising digital literacies makes it possible for schools to expand 
experimenting with new technological tools in creative ways. With 
the push for greater usability and more intuitive interaction modali- 
ties (such as touch, gesture, speech, and their combinations), espe- 
cially in the last decade, the number of such tools have proliferated. 


This can be simple, such as curating YouTube videos to prepare 
for science exams and Olympiads. The latter is a true story a 
teacher told us. The student had initially felt too sheepish to admit 
it, but when he finally did, the teacher told him that she thought he 
was absolutely creative and brilliant to have done that. (And as a 
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further example, albeit in healthcare, when faced with an unfamil- 
iar surgery, a nurse told us she prepares by reading online journals 
and watching YouTube videos to “understand the surgery process”, 
so that she knows “what to expect from the surgeons”). 


These can also take advantage of emerging capabilities in data 
analytics and artificial intelligence. For example, the online tool 
mentioned in the HAM scenario could be used for poetry, rap, 
rhymes, and algorithms. Another example: there are learning 
analytics solutions which can predict within the first two to three 
lessons whether a student will struggle for the rest of the semester. 
The professors who shared their experiences with us told us that 
they use them to intervene early, so that they can put the student 
back on track quickly instead of waiting till crunch time just before 
tests and exams. 


Schools will also have to consider how best to integrate technolo- 
gies — from robotics to Al — to augment teachers. We will need to 
learn to design these technologies to work seamlessly with teachers 
and students. For example, Stanford University’s report Artificial 
Intelligence and Life in 2030 states that “[rjesolving how to best 
integrate human interaction and face-to-face learning with prom- 
ising Al technologies remains a key 


Stanford University con- 


1163] 
challenge. cluded that “[rJesolving 


. . how to best integrate 
Expanding experiments must come 


with clear ideas of how to increase human interaction and 
their odds of success. Besides ensur- | face-to-face learning 

ing top-down leadership support, | with promising Al tech- 
the technologies must also show | nologies remains a key 


tangible benefits as to how they are | challenge” 
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working for us. This has become even more important because, 
paradoxically, constant technology change can cause fatigue of and 
even resistance to new technologies. 


Elevating (at scale) 


4) Peer tutor digitally at the city scale: increase educational 
effectiveness 
Equipping students and teachers (and in some cases parents) with 
an expanded set of digital literacies and tools is only the start. Sub- 
sequently, we need to ensure we raise each student’s educational 
performance. 


According to the Education Endowment Foundation, the top two 
education strategies in cost and effectiveness are “feedback to 
pupils” and “meta-cognitive strategies (help students think about 
their own learning more explicitly)”. One solution would be to 
increase the time teachers work on these with students, or even to 
increase the number of teachers. 


This is obviously not scalable, not to mention potentially prohib- 
itively expensive. Digital technologies can help,'°! such as with 
learning analytics and adaptive testing. In future, Al engines (per- 
haps through chatbots and avatars) can augment this further. But 
as a teacher shared, the “interactions between teachers and stu- 
dents are the most magical, not the transference of knowledge”. 
The human interactions still matter. 


The scalable solution to this might very well be to combine digital 
with what the Education Endowment Foundation found as the third 
most effective education strategy: peer tutoring. 
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What if every year that they are in school, each student had to teach 
someone in the city as part of their formal education experience 
and development? They could do this as part of their community 
service or service learning. They could also do this as their “flipped 
classroom” graded homework. Digital makes this easy to do at the 
city-scale, and it can also be made more effective by augmenting it 
with learning analytics and artificial intelligence. 


Properly structured and guided (e.g., with supervision from 
teachers and parents), the one teaching and the one being taught 
could reap mutual benefits. The one teaching would reinforce his 
own understanding of subjects. The one being taught will gain from 
the one-on-one feedback and guidance. A highly cited piece of 
research by Professor Benjamin Bloom — albeit conducted before 
we had so many digital tools — suggests that “an average student 
who receives one-to-one tuition will tend to outperform 98 percent 
of ordinary students in a classroom.” ©! 


Good ideas for teaching and learning will also spread more read- 
ily between schools, potentially lifting educational effectiveness 
across the city. 


5) Nurture empathy at the city-scale: serve the public interests 
Digital peer tutoring could have an additional benefit: we could 
nurture students’ empathy towards others in society. 


With digital pair- or peer-matching tools, students can be matched 
with a spectrum of peers across the city over their years in school. 
The peer can be a student who is from a less privileged background. 
It can also be someone who is not, and is just weak in a partic- 
ular subject. It can be someone with a learning disability. Or just 
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someone who wants to be energised about a particular topic. It 
can be someone of the same age. Or any age, from a younger child 
interested to learn more, to a curious adult who wants to pick up 
new knowledge. 


Each peer pairing can be designed to achieve a certain outcome 
over a defined period of time so that it is not a once-off but a sig- 
nificant commitment. That way, the 


The scalable solution students teaching will need to un- 
might very well be to derstand the needs of their assigned 
combine digital with peers, and would also be exposed 
peer tutoring. Digital to a broad spectrum of society and 


their different needs. They would 
thus develop a greater sense of em- 
pathy and shared responsibility for 


peer tutoring at the 
city- and global-scale 
can help spread good 


each other. 
ideas for teaching and 
learning, nurture em- This is important. A principal encour- 
pathy, and seed global aged us to think about where public 
citizenship. interests fit in as learning becomes 


more individualised to students’ in- 
terests. Encouraging a city-wide digital peer tutoring effort is a 
good way to balance this. Even as digital technologies can be used 
to serve the unique needs of one, they can also be used to serve 
the unique needs of many. 


There is more. An interviewee, who is deeply passionate about 
healthcare and teaching, stressed how important it was to try to get 
people to know each other as humans. Empathy ensues once stu- 
dents realise the other person has similar traits, dreams or choices 
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as them. He felt this was fundamental to building trust between 
people and in society. 


Empathy might not be the only thing we can nurture across the city. 
We might be able to build trust too. 


6) Peer-tutor digitally at the global scale: become a global citizen 
from young 

If we can “scale” digital peer tutoring, why stop at the borders and 
boundaries of the country or city? 


We can go global. We can encourage students and teachers to peer 
tutor anyone in the world. Again, with digital pair- or peer-match- 
ing algorithms and tracking tools, students can be matched with 
a broad spectrum of international peers. Their peers can be from 
any geography and age group, whether it is a high schooler from 
Asia, or a parent in America with two primary school children. They 
develop empathy for an international peer, and also a greater sensi- 
tivity to different cultures. These are the seeds of global citizenship 
and we can sow them from a very young age. 


This also prepares them for a world that is globalised and con- 
tinues to become more so. For small countries and cities, it is 
even more important. Through school, their citizens can become 
comfortable interacting across cultures and geographies from 
young. It is prohibitively expensive, even impossible, to send every 
student overseas for international exposure. But with digital peer 
tutoring, we can give every student a good grounding in global 
citizenship. 
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7) Help each student and teacher access an affordable global team 
of mentors to develop her strengths: help each and every student 
or teacher peak (and not just in academics) 

We can teach the city and the world. The city and the world can 
also teach us. 


As our starting story of Adi demonstrates, there might be times 
when the best person to help one of our students or teachers is not 
found in the school system. He or she could be in the city, country 
or even overseas, such as experts who are available for hire in the 
emerging global freelancing market.!°” ©?! 


The disruption, decon- Trends suggest that hiring such ex- 


: : oe perts need not cost an arm and a 
struction, diversifica- 
leg. Because the experts could come 


tion, and democratiza- 
i from any corner of the world, be- 


tion of expertise means 
we can affordably 

hire — especially for 
smaller cities — a 
global team of mentors 
for each student and 
teacher, who can thus 
become very good or 
even the best in what 
they choose to pursue. 


cause we might be hiring them for 
only part of their time, and because 
they are helping us through the dig- 
ital realm, they are becoming an af- 
fordable option. In fact, some might 
even volunteer to do it, because of 
the goodwill we have generated 
from teaching the community and 
the world (see Recommendations 5 
and 6). 


It is also easier to do this for small 


cities and countries. For example, Singapore has a yearly student 
cohort of thirty to forty thousand, making it easier to find experts 
worldwide for each of their students than for a country with a 
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yearly student cohort of hundreds of thousands or even millions. 
The same goes for teacher numbers. 


Imagine assembling, for each of our students and teachers, their 
own unique team of global experts and mentors to help them 
do better in both academic and non-academic pursuits. It will no 
longer matter if each student or teacher has few or many needs — 
digital global access will take care of that.!’°”4! 


Students and teachers could come closer to achieving their peaks. 
They could become very good or even the best in the world in what 
they choose to pursue. 
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Established Experts 






Experts (doing it the way it has always been done) 


Experts (aided/augmented with advanced technologies) 


Networks/communities of experts 
(e.g. medical specialists, flash teams) 


local . regional . global 
New & Non-Traditional Experts 






4 Experts (with non-traditional qualifications e.g. nano-degrees) 


Para-professionals (often aided/augmented with advanced 


5 technologies) 


Users (augmented with smart self-help systems, and/or with 
a network/community of other users) 


local . regional . global 


Machines & Algorithms 





Fully automated (based on human-designed parameters 
but no human intervention e.g. automated alerts, loT) 


Machine generated (TASK originates from machines e.g. 


8 deep learning) 


n" 


“Turing technologies” (i.e. performs like an autonomous 
© human, we can't tell difference) 


113 


Fig 5.2.5 — Where a Global Team of Mentors for Students and Teachers Could Come From 
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Excelling 


8) Spot student strengths and talents by erasing the line between 
school and work preparation: enable students to take risks!7>!!”6 
Grades will continue to matter, and that is because a large part of 
school is about the pursuit of work prospects. Parents, students, 
and the wider economy and society often expect that (and will 
likely continue to do so). 


But if work is itself being deconstructed into tasks by technology 
(see Future of Work), we can begin to assess and grade students 
differently. We can redefine what grades mean. 


For example, employers can specify the tasks that are critical to 
their industry. We can draw connections from these tasks to the 
modular concepts and topics in different subjects’ curricula (see 
Lesson Design Map in Recommendation 1). A lesson plan and rel- 
evant content can then be automatically composed and combined 
into a lesson that is delivered in class or online to the students (see 
EduBang in Recommendation 1). 


Do this for enough tasks, and we would cover a large part of the 
curricula deemed as foundational basic and tertiary education sub- 
jects. We would also expose students to the diversity of ways these 
have been applied in industry. The line between school and work 
has disappeared. 


We can even conduct the classroom training as a training simu- 
lation. With advances in graphics and virtual/mixed/augmented 
reality, a wide range of immersive simulated environments can be 
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created for a wide variety of tasks. These can be used to give prac- 
tical hands-on training and assessment for students. They will be 
able to develop strong academic, applied, and hands-on skills. And 
the training can be tailored with the right combination of academic, 
applied, and hands-on skills, according to the strengths and needs 
of the students. 


Thus when students complete their assignments or take the exams 
for these lessons, they will essentially be graded on how well they 
understand how the academic concepts are used in the real world. 
At one level, one could argue this is taking vocationalisation of 
education to an extreme. At another, it helps build respect among 
students for various professions e.g., caregiving tasks for example 
could be lessons in biology (see Future of Health). At an even higher 
level, it is a compelling introduction to the ingenuity of humans 
in applying the sciences, social sciences, arts and more to create 
innovations and improvements for the world. 


There are additional benefits. This will further enhance career 
counselling in schools to help students make better future career 
choices. Teachers will be able to spot where students might have 
unique talents and strengths, and where they might have weak- 
nesses, and use that to guide the students further, both for school 
and work. Employers will also be able to match work needs better: 
the good grades map directly to work requirements. And if two stu- 
dents have the same grades but in different tasks, employers will 
develop a more sophisticated appreciation of the two. 


All these could also mean that when it comes to work prospects 
and preparations, schools can become more focused, efficient, and 
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Education and Careers: The Good, the Bad and the Ugly 


In two focus groups with current and recently graduated students from MIT and the Singapore University 
of Technology and Design, they had some interesting ideas for career advice, preparation and exposure. 


They shared that career-wise, students could be categorised into: 
- those who know what they want 
- those who think they know what they want 
- those who don’t know what they want but think school can help 
- those who don’t know what is going on 
To cater to all four categories, the focus groups pointed out that they did not just want to see and 
experience the “good stuff”. They also wanted to know about the “bad stuff” because that is a “big decision 
point” too. 

This is an area where taking part in career and training simulations could help. The moderators and 
participants concluded semi-jokingly that such simulations could be structured and titled to expose them 
to the good, bad, and ugly of different jobs e.g. 


- “Being an Engineer: | Spring Out of Bed Every Morning!” 
- “Being an Engineer: | Should Have Stayed Home!” 


Fig 5.2.6 — Erasing the Line Between Education and Work - Making Better Choices 


streamlined. Valuable time might even be freed up and used to 
encourage students to invest in their strengths and peaks (see Rec- 
ommendation 7). Or to pursue curiosity. Assured that the grades 
map well to the real world, thus improving their odds of securing 
work when they leave school, they might be prepared to take more 
risks and try new and different things in school and life. 


9) Be agnostic about measures of success: grading what you are 
good at 

Armed with a better understanding of their strengths, and assured 
about their chances of employment, students will have a better 
sense of what they are good in. They can then strive to hit their 
peak in those areas. It is likely that different students will be good at 
different things; thus how we nurture and define success will have 
to change. 
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Schools will have to celebrate successes of different stripes. They 
will have to define success on their students’ terms. They will 
have to become agnostic about different measures of success. 
A CEO we interviewed suggested “following the child’s calling” 
instead of “following the curriculum” as the future we should 
aspire to. This is after all what parents hope for their children. 
That was what one parent asked that we explore as she left 
one of our workshops. The voices advocating for schools to meet 
these aspirations will only grow louder. As it is, there is already a 
trend of increasing acceptance of a greater diversity of study and 
career choices, including what would have been considered non- 
mainstream even just ten years ago. 


Conclusion: Building an Education 
Ecosystem — creating city-scale 
opportunities 


The above recommendations essentially form an education eco- 
system. Technologies, infrastructure, interactions, networks, and 
communities will all have to be built. They create both social and 
economic opportunities. Communities help schools, and schools 
help communities. Each party in the ecosystem collaborates with 
each other. Each party strengthens each other. Each party helps 
each other innovate and become better. 


And the entire ecosystem is both local and global. When we teach 
the world, and the world helps us, the ecosystem accesses and as- 
sesses the world’s needs, resources, and collective intelligence. It 
could attract the best ideas, innovations, and technologies world- 
wide.'®!83] The ideas, innovations, and technologies developed 
within the ecosystem could also travel back out to the world. 
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The ecosystem serves our education needs first and foremost. It 
has a public and social purpose. Do that well and - intriguingly - 
it could also create an innovation and economic ecosystem. The 
ecosystem can strengthen the social capital and economic future 
of the city. 
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5.3 Education in 2040 


The (Fun)ctional School 


School had become fun because fun had become functional 


Even the fun advocates had to agree with their strongest critics. 
School had become fun, not because everyone thought it was good 
to have fun, but because fun was now considered an essential part 
of the functional training of students. 


This was borne out of necessity. The competition amongst cities 
and companies had ratcheted upwards. Staying ahead meant con- 
stantly innovating. It was not just business and enterprise innova- 
tion. It was also social, political, and artistic innovation. Whether 
you measured it by GDP or GNP, by liveability or lovability, or by 
happiness or healthiness, there was no sector — public, private, or 
people — in the city that did not seek or need innovation. 


These realities meant innovation had become part of the functional 
training of school. The focus of school shifted as a result. Getting 
good grades was great. But what was even better was to show you 
had innovated. 


It quickly dawned on everyone that this meant one thing. You 
cannot just mandate innovation. You had to start with individual 
interests, and choose to persevere and excel in it. All these had 
to be nurtured. Regardless of whether it was for career prospects 
specifically or for life in general, each and every student had to be 
given the chance to become very good or even the best in what 
they were strong in. 
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The best way to do this? Make school as interesting and fun as pos- 
sible. Fun as the starting point for life-long innovation had become 
functional. 


Not that the fun advocates minded. They had some concerns 
that fun had been vocationalised; but for now, all that mattered to 
them was that fun had a voice in education. Not that the students 
minded. Why would they, when classes were so fun, so exploratory, 
and so immersive? Not that companies minded. Well, as long as 
fun meant more innovation and there was a return on investment 
on fun. 


Schools were now Schools were now spotters of indi- 
spotters of individual vidual strengths and talents. Mar- 
strengths. Poor teachers | shals of mentoring teams for each 
though — they were student. Curators of the best edu- 


cation and entertainment content 
and technologies. Bridges across 
socioeconomic and digital divides. 
And anchors of city-scale and global- 


constantly chasing 
changes. Poor parents 
too — they found they 


° al 
had turned into “drone scale communities of learning. 


parents”. 

Poor teachers though. They were 
relentlessly being upgraded and constantly chasing changes: their 
roles in and out of the classroom, how students learned and were 
taught, and the technologies that enabled and made all this possi- 
ble. It was breathtaking but breathlessly so. 


Poor parents too. This was all so different from the time they were 
in school. It was tough to keep up. They were nonetheless pleased 
to see how curious and enthusiastic their children were about 


Future of Education 121 


school and the world. They were also pleased that their children 
had a better understanding of the world and not just the syllabus. 
But they still could not help being anxious — they just wanted the 
very best for their children. Once children of “helicopter parents”, 
they now found they had turned into “drone parents”. 


Poor schools then. Parents constantly needled the schools about 
how their children were doing (much to the schools’ consterna- 
tion). The upside of the parents’ anxiety was that many of them 
offered to help. Parents and schools had learnt to work with each 
other’s strengths. 


It was a very (fun)ctional partnership. 
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Artefact from the Future: Lesson 
Design Map 


Juan, late 40s 
Parent 


volunteer 





Year 2020: Lesson Design Map!””! 

Deconstructing syllabi to nurture synthesising minds — integrating 
connections across school subjects, global citizenship, values, and 
everyday life. 


Juan had that funny feeling. The one where all seemed to be 
working well, but you feel something is amiss. 


That was how Juan felt about his children’s education. 
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His children were doing alright in school (he wished they did better, 
but which parent did not?). But he was worried that they were not 
seeing connections between their classes. They could answer the 
exam questions for each subject, but struggled to draw links be- 
tween different classes. This was apparent whenever he asked his 
children about what they were doing in project work. They always 
needed handholding. 


Juan knew the value of seeing connections. He saw it all the time 
at work. The most innovative ideas often came from insights at the 
boundaries of different disciplines. The new exciting field of smart 
fabrics, for example, spanned across the disciplinary boundaries of 
fashion design, materials, manufacturing, and engineering. Bound- 
ary spanning was important if companies wanted to beat their 
competition and succeed. He often joked that that there were no 
new ideas, only new combinations. 


Juan had read Harvard professor and development psychologist 
Howard Gardner’s Five Minds of the Future. In that book, Profes- 
sor Gardner wrote that to thrive in the future, five intellectual 
approaches were needed: 


1) The disciplined mind was about “mastering at least one 
way of thinking” 

2) The creating mind “breaks new ground” 

3) The respectful mind “welcomes differences” 

4) The ethical mind “serve[s] purposes beyond self-interest” 
5) The synthesising mind “takes information from disparate 
sources ... and puts it together in ways that make sense” 


He felt school was doing alright for the first four minds. But as for 
the fifth, he was not so sure. He agreed with Professor Gardner that 
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“the capacity to synthesise becomes ever more crucial as informa- 
tion continues to mount at dizzying rates”. He felt that developing a 
flexible mind comfortable with multiple disciplines was something 
that should start in school. 


His daughter Jaz also suggested drawing connections between 
schoolwork and everyday life. Seeing relevance in what she learnt 
in school was arguably her number one wish. She longed to be able 
to explore her own pet interests, such as fashion, as part of her 
coursework. 


Juan decided to do something about it. To the consternation of 
Jaz’s teachers and principals, he became that proverbial pesky 
parent. He incessantly asked the school “how can we nurture an 
inter-disciplinary mind in the classroom?” 


He bugged them to no end about it. To his credit, he volunteered to 
help. To the consternation of his friends, he “volunteered” them as 
well. To the dismay of Jaz, he “volunteered” her help to the school 
too, over and beyond her academic and co-curricular activities 
(thanks Dad...). 


After several rounds of discussion, they came up with a Lesson De- 
sign Map (see Fig 5.3.1). The teachers and friends who were “volun- 
teered” (albeit with some kicking and screaming) had to agree that 
they liked the Lesson Design Map. 


Teaching multi-disciplinary classes had always been a challenge. 
The Lesson Design Map was not perfect, but the teachers felt the 
handy guide was a good start. At the very least, it pointed to specif- 
ic existing curriculum concepts and topics across current subjects. 
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This ensured rigour. It also provided helpful links, saving them a 
tremendous amount of time. And lastly, there was no need to learn 
yet another new piece of technology, as no additional technology 
was needed. 


The teachers also liked the idea they might be nurturing future 
climate change innovators. They knew that what happens in the 
classroom is seminal in seeding ideas, shaping values, and setting 
aspirations. That was why they got into teaching in the first place. 
The earlier students understand the multi-faceted and connected 
challenges of climate change, the greater their capacity to tackle 
the challenges of climate change 5, 10, 20 years later. 


Juan’s “volunteered” friends were happy that they might have 
contributed to the future of education and even the future of the 
world. 


Juan was of course pleased and grateful. He had worked very 
hard on this. But Juan was also unsure if this could be sustained. 
Everyone was so busy these days. He had felt bad at times about 
having gotten the teachers, his friends, and Jaz involved in this 
“extra-curricular” pet pursuit of his. 


If only Juan knew what the Lesson Design Map would unleash. 
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LESSON DESIGN MAP 


Schematics of Teacher's Pull-Out Map 


Question & Objective 


The big questions and learning objectives 
addressed by the school subjects. 


School Subjects 


Different subjects are color 
coded. Existing syllabi/curricula 
topics and concepts; anchoring 
it on what already exists ensures 
rigor, familiarity (schools have 
been using them), and saves 
work and time for teachers and 
students (no need to reinvent 
the wheel). 


Geography ‘OBIECTIVE, 


The knowledge drawn from 
Geography and Chemistry 
can explain the greenhouse 
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What is 
climate 
change? 


gas effect. This provides 
background to the econom- 
ics of climate change. It is 
also useful in the designing 
and evaluation of policies. 
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Topics & Explanations 


Grouping different subjects’ topics and 
concepts within each big question helps 
students see connections. 


Case Study 


Case study links classroom to world outside, 
helping students see additional connections. 


Explanation & Links O N A CASE EXAMPLE 
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changes in average weather 
conditions over an extended 
period of time due to excessive 
production of greenhouse 
gases. 
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School Subjects : 


Economics 


Geography 
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The knowledge drawn from 
Geography and Chemistry 
can explain the greenhouse 
gas effect. This provides 
background to the econom- 
ics of climate change. It is 
also useful in the designing 
and evaluation of policies. 
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Topics Explanation & Links 


PHYSICAL GEOGRAPHY 
HAZARDS & MANAGEMENT 


VARIABLE WEATHER 
& CHANGING CLIMATE 


@ ima change refers to 
changes in average weather 
conditions over an extended 
period of time due to excessive 
production of greenhouse 
gases. 


CHEMICAL BONDS Chemical reactions arising 
from industrial and agricultural 
activities contribute to green- 
house gases such as CO2, CH4 
(methane) and N20 (nitrous 
oxide). 
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Chemistry 
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responsible? 


Topics 


MARKET FAILURE 
IMPERFECT INFORMATION 


THE GLOBALIZATION OF 
ECONOMIC ACTIVITY 


POPULATION ISSUES 
& CHALLENGES 


URBAN ISSUES 
& CHALLENGES 


Physics 


10 BAEC TUV E: 
Students need to be aware 
of the different perspectives 
towards this issue. This is 
strongly encouraged in the 
new A Level Economics 
syllabus (2016). 


Explanation & Links 


HUMAN GEOGRAPHY 


Anthropogenic climate change 
can be discussed in all topics 
across Human Geography. 


Arguments against the anthro- 

pogenic climate change often 

refer to the Milankovitch cycles 

which argue that global warm- 
ing is natural. 


The concept of imperfect 
information can be applied to 
account for the disagreements 
over the causes of global 
warming. 
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processes? 


its regulate 


Biology 


Ethics Literature & Arts 
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Students can draw knowl- 
edge from other disciplines 
such as Geography, Chemis- 
try and Physics. This adds 
more breadth and depth 
when they explain econom- 
ics concepts (eg. negative 
externality). 
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Topics Explanation & Links 


MARKET FAILURE 
NEGATIVE EXTERNALITY 
TRAGEDY OF THE COMMONS 





(GLOBAL) PUBLIC GOOD 
ATMOSPHERIC PROCESSES 
HAZARDS & MANAGEMENT 


THE GLOBALIZATION OF 
ECONOMIC ACTIVITY 


POPULATION ISSUES 
& CHALLENGES 


URBAN ISSUES 
& CHALLENGES 


ORGANIC CHEMISTRY 


PHYSICAL GEOGRAPHY 


Œ hanced Greenhouse Effect 
traps more outgoing radiation, 
leading to increased global 
temperatures: 


Greenhouse effects from 
carbon monoxide, oxides of 
nitrogen and unburnt hydrocar- 
bons. Ozone depletion from 
@ fuoroalkanes and CFC. 
@ compare greenhouse gases 
(gases trapping heat) vs 
other gases. 


Geography provides an overview 
of key categories associated to 
human activities that contribute 
to global warming — this can be 
a helpful framework to organize 
examples when approaching the 
concept of negative externality. 
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Chemistry and Physics provide 
specific scientific examples 
behind the economic concepts. 
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Enlarged version of the complete map can be downloaded at 


Geography 


VORBE C MIIV E: 
Students can draw from 
other disciplines such as 
Geography and Chemistry 
to explain deadweight loss 
from negative spillovers 

and who will be affected. 


Explanation & Links 


PHYSICAL GEOGRAPHY 


Global warming can worsen 
weather hazards such as 
cyclones and droughts which 
could lead to devastating 
social and economic effects. 


Rising ocean levels will acidify 
surface waters of the ocean 
which could have devastating 
impact on marine life. 


CO dd 


Chemistry and Geography can 
help students understand the 
impact of climate change from 
examples such as increased 
natural hazards, increased 
disease transmission and 
changes in ocean chemistry. 


The real-life context helps them 
understand how large-scale 
spillovers could reduce produc- 
tive capacity in future. 
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Chemistry Physics 


OBIECTIVE 
Students will be introduced 
to economic instruments 
and technology solutions 
that can tackle climate 
change. 
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What can 
be done? 


Topics Explanation & Links 


GOVT INTERVENTION 
ECONOMIC INSTRUMENTS 


These can 
reduce effects of 
acid rain and 
flue-gas 


desulfurization. 
Use of 


renewable 
energy such 
as solar 
power, 
nuclear 


They can also 
remove atmos- 
pheric pollutants 
via catalytic 
conversion. 
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power and 
hydroelectric 
power. 


REDOX REACTIONS 


œ Ww 


Tackling climate change needs a 
good mix of technological 
solutions as well as economic 
incentives. For example, some 
scientific and technological 
solutions work via influencing 
? supply by internalizing the 
external cost. Others work via 
influencing demand by switching 
demand towards greener 
solutions. 


GOVERNMENT 


LÁ 


COMPANIES 


Biology 


Technology Solutions 


Tackling Climate Change At 
Different Scales. 
Examples of technology and 
design innovations include: 
[write up on pg 28] 
CITIES 


Circular economy — close loops for 
materials, energies and resources 
instead of disposing them. 


Smart cities and ICT could reduce 
global greenhouse gas emissions by 
15%. 








BUILDINGS 
Use of solar energy. 


Use of new materials on 
buildings that can reflect 
sunlight and radiate heat 
back into outer space to 
keep buildings cooled 
without the use of 
air-conditioning. 


INDIVIDUALS 


Wearable 
Technology : 


Smart fabric that 
could cool/warm 
an individual 
directly. 


COLLABORATE 
DEVELOP 


DESIGNERS 


Fig 5.3.1 — Lesson Design Map 
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OB JE Tv Et 
In conclusion, students are 
encouraged to reflect on 
the purpose of learning 
Economics in the light of 
global challenges facing the 
whole of humanity such as 
climate change. 
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Why should 
we care? 


Topics Explanation & Links 


INTRO TO ECONOMICS 


PRIVATE PROPERTY 


"We are all immigrants to this 
place even if we were born here...” 
(Margaret Atwood) 


ETHICS 
LITERATURE & ARTS 


A CASE EXAM PILE 


This Earth we live on is all we 


have, for this generation and for 


generations to come. We are its 
guardian and also its steward, 
and we all must play a part. 





Artefact of the future circa 2025 
see video at: 


Poster presented at a conference 
on Human Computer Interaction and Education https://youtu.be/8QkqNnKIGPA 
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6.1 Scenarios!**4) 
Health in the city was starting to look like a Jackson Pollock painting. 


The formal healthcare system — hospitals, clinics, and going to the 
doctor’s — firmly anchored the city’s health system, but formed 
only a slice of it. Health was now in everything. It was in you. It was 
on you. It was all around you. It was also what you put into you. And 
where you took you. 


Digital had made health omni- 
present. It sensed, measured, and 
monitored everything you did and 
ate, and everywhere you went. At 
home. In offices and co-working 
spaces. Buildings and bars. Even 
in the ABCs (autonomous bus- 
es and cars) you commuted in. It 
then analysed all of this, and told 
you what it meant for your health, 
given your genes and the environ- 
ments you were in. In real time, 
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Digital health was both 
omnipresent and omnip- 
otent. There were hence 
frequent calls for well-in- 
tegrated technologies. 
But these also posed 
privacy and security risks. 
At the same time, all the 
advanced technologies 
mattered little if citizens 
were not motivated to 


live-streamed, 24/7/365, if you so manage their own health. 
desired. 

Digital health felt omnipotent. Knowing what it all meant was 
just the beginning. Cities, companies, and citizens could do so 
much more now than jiggle fitness trackers. From omics technol- 
ogies, to nanobots in the body, to medical body area networks, to 
robo-medical professionals (equipped with oxymoronic sounding 
“artificial intelligence bedside manners” no less), to urban scale 
genome-wide association studies, to cross-continent telehealth, 
there were technologies of all stripes. They detected, diagnosed, 
and defeated diseases. Where they could, they also prevented dis- 
eases. Digital health added years to life, and life to years. It really 
seemed like there was nothing digital could not do. 


There were hence frequent calls for technologies to be well inte- 
grated. The more integrated they were, the more complete the 
health picture. And the more cities, companies, and citizens could 
do for and with each other. 


132 Living Digital 2040 


Ominously, it also meant the more that cities, companies, and 
citizens could do to each other. 


The more integrated the systems were, the more citizen privacy was 
at risk. Citizens worried about what companies and cities would do 
to their personal health data and information. The more integrated 
the technologies and systems were, the more vulnerable the tech- 
nologies were to system-wide cascades of cyber failure, fraud, and 
felony. 


And then there was the matter of the citizens’ motivation. You can 
lead a horse to water, but you cannot make it drink. All the per- 
sonalised technologies, information, and data mattered little if citi- 
zens were not motivated to manage their own health. Look at diet 
and lifestyle for example. Citizens have known for a long time they 
should eat less and move more. Many chose — consciously, subcon- 
sciously, and unconsciously — instead to eat more and move less. It 
was not enough to know. They had to also want to and actually do 
the right thing. 


The future of health was thus determined by how motivated 
and able people were to manage their own health, and how inte- 
grated or partitioned the technologies were. Where cities, compa- 
nies, and citizens were on these dimensions determined the future 
of healthcare. 





Nag 


The “Nag” cities believed in integration and that citizens needed to 


be helped actively. 


There was no other way because the mind was willing but the body 
was weak — because of their busy schedules, citizens simply found 
it difficult to manage their own health and hence became less 
motivated to do so. So the cities decided to invest in and integrate 
all the technologies needed. They could then use the integrated 
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system to provide personalised healthcare, and to send out con- 
stant just-in-time nudging advice and actions to individual citizens. 


Only that citizens began to feel that they were being nagged all the 
time. There was a fine line between nudging and nagging. 


This was because the cities’ integrated systems took care of every- 
thing. All the information about your health — genomic profiles, 
clinical records, research informatics, diet, home and work environ- 
ments, commutes, cross-border travels, etc. — were automatically 
fed into this mega digital brain. It had a ready analysis and recom- 
mendation for everything you did. 


Companies were pleased with this system. It took a substantial 
chunk of employee health-related costs off their books. All they 
had to do was to feed relevant information into the mega digital 
brain. Very plug-and-play. 


Citizens did not entirely mind that this was quite intrusive into their 
privacy. Despite initial reservations, they soon considered it a nec- 
essary trade-off, even evil, against the benefits of receiving person- 
alised healthcare. The city was taking care of them; surely there 
was no need to complain like a champion grumbler? 


Well, there was. Privacy was one thing. Nagging, another. Citizens 
often felt that this mega digital brain “doth protest too much”. Over 
time, more and more citizens developed an immunity to the nag- 
ging, choosing to ignore reminders such as “that extra piece of fried 
lab-grown chicken will tip your weekly fats target”. 


Sometimes, people just want to have an extra piece of fried 
chicken. Guilt-free. And nag-free. 
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Nope 
The “Nope” citizens said nope to having to do more. Because of 


their hectic schedules, citizens simply found it difficult to manage 
their own health, and were not motivated to do more. 


They also said nope to integration. After the Great Data Debacle, 
they had been wary of putting any personal data and information 
in any one system or organisation. Citizens prized privacy above 
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all else, preferring to distribute and partition information across 
different technological systems. 


Cities said nope to integration too. For them, full integration was 
costly; upgrading the current partitions would suffice. Distributed 
systems also offered a default decentralised defence against grow- 
ing cyber-physical security threats. Moreover, making technology 
vendors compete for these systems promoted innovation, pre- 
vented monopolisation, and increased market competition. All 
these helped to keep total costs down. 


Companies did not mind this at all. It took a substantial chunk of 
employee health-related costs off their books. It also meant lucra- 
tive business opportunities for the companies who were tech- 
nology vendors. 


Many citizens liked the status quo. The current nudges were 
“satisficing”.'”°! Maybe there could be more, but they were satisfied 
that this would suffice for now. Doing more felt like a little too much 
work. Besides, companies have been touting for decades the ben- 
efits that integrated systems would bring, but where’s the beef? 
Citizens felt they were doing just fine at the moment, making steady 
incremental improvements. 


Other citizens were not so sure. The cost of technology was falling 
all the time and the case for including new data and information 
was growing in tandem with the latest research. Was it time to seek 
a second opinion about the future? 








Nuff 


The “Nuff” group of cities believed in providing just enough. Leave 
it to citizens and companies to lead the way. Citizens were thus 
forced by circumstances to take responsibility for themselves, using 
a wide range of technologies that were often not integrated with 
each other. 


Cities had good reasons for doing this. Technologies had advanced 
so rapidly, that what citizens could access often outpaced what 
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cities could provide. Be it cheap DIY genomics tests, multi-disease 
diagnostic mobile tricoders, SuperSuits, robo-doctors, or interna- 
tional tele-medicine services, citizens could assemble their own 
personalised healthcare system. 


The logic was this: where citizens go, companies will follow. After 
all, citizens tended to spend more on health as they earned more 
and also as they aged. And companies were eager to get access 
to citizens’ data. They could turn citizens’ health into corporate 
wealth.!77-91) 


The citizens concurred with some of these reasons. The market was 
indeed faster. Expertise could be found locally and internationally. 
Health offerings were increasingly cheaper. And taking the initiative 
for their own health felt empowering. 


But there were side effects. Citizens had to spend so much time and 
energy to assemble a complete picture of their health. They were 
so busy these days, and there was so much out there. Citizens also 
had to beware of scams and cheats. They had to do their home- 
work to separate the wheat from the chaff. 


There was a creeping social cost too. Individual technologies were 
becoming more affordable, but the costs escalated once you tried 
putting them together comprehensively. There were already signs 
of health divides in the city. They risked turning malignant. 


Citizens also began to think, if | have to do so much for myself, why 
should | pay so much taxes to fund the public healthcare system? 
And if I am healthy, why am I not paying a much lower insurance 
premium? Let those who are not so healthy and who do not take 
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care of themselves pay more. | want to pay just enough. Nothing 
more, nothing less, ‘nuff said. 


Was DIY, caveat emptor, and fading shared social responsibility 
really the best way to ensure good health in a city? 








Nude 


Citizens in “Nude” felt absolutely naked. 


The integrated view of their health with interventions tailored to 
their motivation levels empowered them to take charge. But every- 
thing about their health could also be shared with cities, compa- 
nies, and communities. There was nowhere to hide, and they felt 
quite exposed. 
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The cities had decided that integrating systems and technologies 
was critical to public health. They also knew that only they were ca- 
pable of providing the right combination of cybersecurity, policies, 
and legislation to make this happen. And only they could corral the 
companies to work with them for the public good. 


As a result, citizens found it easy to take responsibility for their own 
health. It did not stop there. With health, information and data de- 
mocratised and decentralised, citizens created community initia- 
tives to help each other. Want to know if this diet is suitable for 
your genomic profile? Here’s a group in your city that’s just like you. 
Want to know what it’s like to be diagnosed with a rare ailment? 
Here’s someone overseas who has been there, done that. Everyone 
had become a helpful health nano-expert to someone else in the 
city and the world. 


It all seemed very ideal. But one big wrinkle in all this was cost. 
Building and maintaining such integrated, complex, and secure sys- 
tems and technologies was very expensive. Cities, companies, and 
citizens had worked out a model of sharing the costs. But the na- 
ture of healthcare meant costs were likely to continue rising. Might 
the business model break down at some point? 


Another big wrinkle was privacy. Big Data meant risks of Big Theft. 
And it was one thing to have Big Brother watching you; but now 
you had Big Father, Mother, Sister, Spouse, Children, Cousin, Nosey 
Neighbour and Fussy Friend watching too. All this spelt potential 
Big Trouble. 


At the same time, democratisation shifted power from the existing 
experts and established order in healthcare. Now that every citizen 
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was a nano-expert, they were constantly challenging the health- 
care system and its professionals. Was this a case of “a little knowl- 
edge — augmented with technology — is a dangerous thing”? Or 
were they simply symptoms of an evolving robust and healthy rela- 
tionship between people and professionals? 


The naked truth was out there. 





6.2 Recommendations 


The future of healthcare will be anchored by the healthcare system, 
but it will be larger than the healthcare system. As a hospital head 
described, today’s healthcare system will first evolve into a com- 
munity-based healthcare ecosystem. It would then evolve into a 
community-based health ecosystem. 


Our interviewees shared that the ideal case would be one where all 
technologies and systems are integrated. They acknowledged how- 
ever this would be a long term endeavour. One doctor said it might 
only be in 2040, the target year of Living Digital 2040, that we will 
see this level of integration. 
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We will make progress towards this in spurts and starts. But we 
will zigzag between the four different scenarios at various points in 
the coming decades. Whichever scenario it is, one thing was clear 
across our interviews: technologies will take over more and more 
tasks, but we will still have a large number of human interactions 
in future. These might even grow with the increasing use of tech- 
nology. 


But that was not the most interesting finding that emerged from 
our work. The most intriguing insight is this: with digital, we do bet- 
ter individually when we do better together. If we can do that, we 
will be ready for any of the four scenarios, no matter how they zig 
or zag. 


Our recommendations thus revolve around this unifying idea: we 
take better care of ourselves when we take better care of each 
other. And we can do so in the following ways: 


e empower people 
e energise community and society 
e elevate how people and professionals interact 
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Empower 1) Identify motivation and activation levels: go 
People beyond health screening and literacy. 

2) Empower people to act on their data and infor 
mation: make it easy to access and integrate — 
from dashboards and SuperSuits to policies and 
regulations. 


Energise 3) Make it social: we can take better care of 


Community ourselves when we take better care of others. 


and Society 4) Mobilise resources socially: make it easy to 


scale community resources. 


5) Become a city that cares and gives care: nurtur- 
ing values for a community-based ecosystem. 


Elevate 6) Elevate the professional-patient relationship: 
Interactions make it an adult-adult partnership. 


7) Elevate the professional-professional relation- 
ship: strengthen — not lessen — how they work 
and learn together. 


8) Elevate the people/peer/professional-machine 
relationship: integrate interactions. 





Fig 6.2.2 — Summary of Recommendations for Future of Healthcare — Empower People, Energise 
Community and Society, and Elevate Interactions 
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Empower People 


1) Identify motivation and activation levels: go beyond health 
screening and literacy 

If people are motivated to take care of their own health, they are 
more likely to stay healthy. An excellent description of this is “patient 
activation” which “describes the knowledge, skills and confidence 
a person has in managing their own health and health care.” 10103] 


We can tailor help accord- | This is not just for patients who 
ing to people’s motivation might have ailments. It is also 
levels. Being motivated or for anyone who is in the pink of 
“activated” is both differ- 


ent and more than being 


health. According to Professors 
Judith Hibbard and Helen Gilburt 
who wrote a report for the UK’s 


literate in health matters. The King’s Fund, “patient acti- 


Literacy equips one with vation is the best predictor of 
Skills, but skills alone do healthy behaviour over a wider 
not guarantee motivation. | range of outcomes”. 


The key word is “activation”.!°°! It is both different from and more 
than being literate in health matters. Literacy equips you with the 
Skills, but skills alone do not guarantee motivation. 


Our earlier example in the scenarios on diet and lifestyle shows this 
clearly. Citizens have known for a long time they should eat less 
and move more. Many choose — consciously, subconsciously, and 
unconsciously — instead to eat more and move less. It is more than 
knowing. Everyone should feel responsible for one’s health, and be 
motivated to and actually do something about it. 
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Once we know people’s motivation and activation levels, we can 
tailor our help. Different people would for example need different 
behavioural “nudges”: some might need to raise their motiva- 
tional levels as a start, while others might simply need to improve 
their health literacy. Some might prefer help with exercise, while 
others might prefer help with food and diet. 


In future then, health screening will no longer be sufficient. People 
will also have to screen themselves for their activation and motiva- 
tion levels. 


2) Empower people to act on their data and information: make it 
easy to access and integrate - from dashboards and SuperSuits to 
policies and regulations 

Once people are sufficiently motivated, they will need to have the 
right data, information and advice at the right time.0°7 7! 


It is currently very difficult for anyone to access all of this, much 
less to act on them. Electronic health records are an excellent 
start. They however only cover some of the data about a person’s 
health. They are also often not directly accessible to the individual. 
The Quantified Self movement takes a step in the right direction. 
But its dependence on multiple wearables will impede adoption: 
an entrepreneur in healthcare analytics doubted wearables would 
be widely adopted, as there is no easy way to sync and integrate 
across them. 
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It becomes even more challenging when the amount of data 
and the number of wearables and sensors rise. Besides data about 
ourselves, additional data and information could include: 


e environment (e.g., weather, air quality, and temperature 
data collected from sensors/IoT) 

e travel (e.g., overseas trips might expose us to new diseases, 
a recent example being Zika) 

e financial (e.g., debt levels and how we spend money could 
reflect and affect stress levels) 

e relationships (e.g., who we hang out with influences our 
lifestyle choices in food and drink) 

e behavioural (e.g., sudden and uncharacteristic phone inac- 
tivity could signal depression) 


Genome 
& other omics 





Medical records 
Environment 


Relationships 





Behaviours 





Fig 6.2.3 — Health-related Data in Future (see also Artefact from the Future in section 6.3) 
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Putting everything together will require several new R&D develop- 
ments that include: 


a) Developing a strong research and clinical basis — for example, 
Verily Life Sciences (formerly Google Life Sciences), Stanford Uni- 
versity, and Duke University have embarked on the Baseline Study, 
a “comprehensive initiative to understand the molecular markers 
that are key to health and the changes in those biomarkers that 
may lead to disease.” "7°! 


b) Developing a Personal Health Intelligence Dashboard — this 
would not only integrate any new sources of data and information 
easily, it would also provide sound insights that could be acted on, 
without overwhelming the user. Good UX (User Experience) will be 
critical. 


c) Developing SuperSuits - one way to overcome the limitations 
of today’s wearables might be to develop the ultimate wear- 
able: the SuperSuit (see section 6.3 — Artefact from the Future). 
Electro-spun from nanofibres, and integrated as layers or textile 
geometry into the clothes we wear, it could incorporate many of 
the sensors needed. 





Fig 6.2.4 — Artefact: SuperCare/SuperSuits/Empathy Suits (expanded picture and details in 
section 6.3 — Artefact from the Future) 
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These R&D developments have all been given a recent boost. The 
Baseline Study mentioned above for example was only started in 
2014. The underlying technologies for SuperSuits were given a fil- 
lip in 2016 with the US$317 million Advanced Functional Fibers of 
America consortium involving close to 100 companies and incuba- 
tors, and 32 universities.“14/"27] In fact, two of our interviewees/ 
participants in this field told us many of the underlying technolo- 
gies are already available, and the next step is to integrate them 
and make them commercially feasible. 


Parallel discussions and decisions will also have to be made on pri- 
vacy, policies, regulations, ethics, and education. These will have to 
keep in mind that the pace of changes in the varieties and volumes 
of data and information will certainly outstrip the speed at which 
these discussions and decisions take place. We will need to deter- 
mine how we can make these discussions and decisions dynamic 
and responsive to the accelerating advances in digital data and 
information. 


We will also need to work out the business models. The report 
The Internet of Things for Health Care: A Comprehensive Survey 
states clearly that the “business strategy is not yet robust be- 
cause it involves a set of elements with new requirements such as 
new operational processes and policies, new infrastructure sys- 
tems, distributed target customers, and transformed organisational 
structures... Therefore, there is an urgent need for a new business 
model.” 1] 
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3) Make it social: we can take better care of ourselves when we 
take better care of others 

Once we have empowered the individuals so that they can do 
better for themselves, we can energise the community and society 
to do better together. We can make health social. 


MIT Professor Alex Pentland’s team at the MIT Media Lab offered 
an insight into how this could happen through “social network 
incentives.”!"1411¢] According to Professor Pentland: 


“Standard economic incentives miss the mark because they 
frame people as individual, rational actors rather than as 
social creatives influenced by social ties... There is another 
way: by providing incentives aimed at people’s social net- 
works rather than economic incentives or information that 
are aimed at changing the behaviour of individual people.” 


His team ran an experiment with a community of young families 
who interacted with each other to varying degrees. They wanted 
to increase the level of physical activity of the community’s 
individuals. 


A typical approach would have been to give each of them an eco- 
nomic incentive to be more active. For example, if the individual hit 
a target activity level, he or she would get a cash reward. Or they 
could have been given a group incentive: if everyone achieves a 
group target, they receive a group reward that can be shared. 
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But that is not what Professor Pentland’s team did. They used a 
social network incentive instead. Each individual in the com- 
munity was designated a “behaviour change target”. He or she 
would then be assigned two buddies within the community. If the 
“behaviour change target” individual hit a target activity level, mea- 
sured through their smart phones, the two buddies would receive 
the reward. 


Because the team involved almost The social network 


everyone in this community, each | . ‘ 
incentive was four to 


individual was not just a “behaviour 


ight tim r than 
change target”. He or she would also eight times better tha 


be a buddy to another “behaviour an individual incentive 
change target”. In other words, each | at raising activity levels. 
individual in the community played | Even when the incen- 
two roles: he could not only earn a | tive was stopped, the 
cash reward as a buddy, he or she | jndividuals kept up their 


could also help a buddy earn a cash higher activity levels. 


reward. 


The result? The social network incentive was four times better than 
an individual incentive at raising activity levels. This increased to 
eight times between “behaviour change target” individuals and 
buddies who had more interactions with each other. They also 
found that even when the incentives were stopped, the individuals 
kept up their higher activity levels. And contrary to expectations, 
such social network incentives cost less, even when the “social cost 
of peer pressure” was accounted for. 


We should explore using such social network incentives"?71"! to 
encourage communities and cities to develop health habits. We 
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might learn that in matters of health, we can take better care of 
ourselves when we take better care of others. 


4) Mobilise socially: make it easy to scale community resources 
As the healthcare system evolves into a community-based eco- 
system, more and more of the community resources will need to 
be mobilised. Both doctors and nurses told us that once patients 
are out of the hospital, multi-agents have to be involved — social, 
grassroots, IT providers, social organisations, community, etc. 


a ; There are existing examples of 
The critical question . 
these. In Singapore for example, 


for a community-based the Tsao Foundation has an integrat- 


health eco-system: can ed care system where “civic organ- 
we sufficiently scale up, | isations, health and social service 
rally citizens, and mobil- | providers, research analysts, policy- 
ise more resources? makers and other stakeholders”! 


collaborate to take care of the el- 
derly in a particular residential district. Another example is the 
Stanford Peer Health Educators program. Older students volunteer 
and are trained to “actively promote and support student health, 
wellness and safety” amongst their peers in the residence halls.!2+ 


The critical question is this: to be community-based on a large 
scale, can we sufficiently scale up, rally citizens, and mobilise more 
resources? 


We should continue to promote greater community participation 
through volunteerism, professional training, community support 
groups, corporate social responsibility initiatives and charities. We 
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will have to explore new integrated collaboration platforms that 
can support these — these do not currently exist. We will also have 
to experiment with collaboration processes e.g., assembling teams 
on-the-fly to tackle short term challenges, and dedicated teams 
who can commit to long term initiatives. 


We should also experiment with other social network incentives. 
Another of Professor Pentland’s teams tested their use with so- 
cial media to mobilise resources under time pressure. They found 
that social network incentives were more effective than altruistic 
appeals for help: a larger network of help was formed, and more 
people in the network passed on the requests for help.!17-179 


Mobilising the community will require a multi-pronged strategy. 
The more tools we have at our disposal, the more likely we will 
succeed. 


5) Become a city that cares and gives care: nurturing values for a 
community-based ecosystem 


When we mobilise more in 
Can we have a strong commu- 


the community, we will in- 


. . nity-based health eco-system if 
creasingly require more and 


more of them to be compe- 
tent caregivers. They are | about caregiving? Just as we 


the community does not care 


doing it as a role (e.g., at | encourage citizens to learn ba- 
home), and not doing it as | sic CPR to respond to emergen- 
a profession. cies, cities might have to equip 


their citizens to be able to give 
This has two dimensions. f na a 
Sanaan basic caregiving. This will also 
The first dimension is so- a 
. l . nurture a stronger appreciation 
cial e.g., keeping patients Ba 
of the caregiving professions. 
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company. That is the focus of many current initiatives. The second 
dimension is clinical e.g., administering tests and medications to 
patients. Our interviewees stressed that this dimension is becom- 
ing increasingly critical as we move to a community-based system. 


In the same way that we encourage citizens to learn basic CPR 
so that anyone can respond to an emergency anywhere, anytime, 
cities might have to equip each of their citizens to be able to give 
basic caregiving as a role. 


We can take advantage of how work is now being deconstructed 
into tasks (see Future of Work), and the opportunities this offers in 
schools as a result (see Future of Education). We could, for example, 
consider taking tasks from caregiving, break them down, and match 
them to modular syllabus and curriculum topics. These could then 
be automatically augmented with interesting educational content 
(see Future of Education — Lesson Design Map and EduBang). They 
could then be taught in school, potentially with simulation technol- 
ogies (see Future of Work and Future of Education). 


By doing this, we equip every citizen in the city with basic care- 
giving skills, ensuring that the community always has a wide pool 
to draw on. Someone is always around to render basic clinical care. 


There is a wider benefit. If we are moving to a community-based 
ecosystem, then the caregiving professions and the act of care- 
giving in general must be valued. Otherwise how can one have a 
strong community-based ecosystem if the community does not 
care about caregiving? 
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Training every citizen helps them better appreciate caregiving and 
the caregiving professions. We are not just equipping citizens with 
skills. We are also nurturing shared values of what the city cares 
about. 


local . regional . global 


Established Experts 






Experts (doing it the way it has always 
been done) 


Experts (aided/augmented with 
advanced technologies) 


Networks/communities of experts interaction 
(e.g. medical specialists, flash teams) 


local . regional . global | 
New & Non-Traditional Experts interaction 


Experts (with non-traditional qualifi- 
cations e.g. nano-degrees) 


Para-professionals (often aided/aug- 
mented with advanced technologies) 


Users (augmented with smart 
self-help systems, and/or with a 
6 network/community of other users) 


interaction 


local . regional . global 
Machines & Algorithms 
Fully automated (based on 
human-designed parameters but no 


human intervention e.g. automated 
alerts, loT) 


Machine generated (TASK originates 


8 from machines e.g. deep learning) 


“Turing technologies’ (i.e. performs 
like an autonomous human, we can't 


9 tell difference) 


Fig 6.2.5 — Healthcare Expertise Will be Deconstructed, Democratised and Diversified 
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Elevate Interactions 


In the future of healthcare, when we empower, energise, and equip 
people, community and society with skills and values, we have 
effectively created new pockets of expertise across the city. In our 
section on Future of Work, we called this the democratisation, 
deconstruction and diversification of TASK (technologies, attitudes, 
skills and knowledge — see Fig 6.2.5) 


There are now more sources of expertise in the future of health- 
care. And these new sources of expertise will be constantly inter- 
acting with the existing and established experts and professions. 
It means that we now have to pay more attention to how they 
interact with each other too. 


6) Elevate the professional-patient relationship: make it an adult- 
adult partnership 

A doctor in family medicine shared that today’s doctor-patient re- 
lationship is more like an adult-child relationship, with the doctor 
prescribing to the patient what needs to be done. In some cases, it 
is an adult-defiant child relationship: some patients come in armed 
with lots of information they have found themselves, and seek to 
challenge the doctors at every turn. 


This relationship be- We can do better. We can elevate the 
tween an empowered relationship of any healthcare profes- 
professional and an sional with a patient or person to an 


empowered patient is | adult-adult partnership. Technologies 


a new phenomenon empower both professionals and peo- 


f . le. Professionals have deep experi- 
that will become in- P R ps 

; ence, and can access the latest medical 
creasingly prevalent. 
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findings more easily because of that. People can become more 
activated and literate, and can engage the professionals to become 
even more so. Taken together, professionals and people can do a lot 
more for each other. 


Besides encouraging them to elevate their relationship, we should 
also explore and research how we can help them to do so. It could 
be part of the training outlined in Recommendation 5. Or there 
could be behavioural nudges and social network incentives. There 
might even be new technologies and collaborative platforms that 
could be developed. 


It isa new phenomenon. It will become increasingly prevalent. We 
need to study and understand it. 


7) Elevate the professional-professional relationship: strengthen — 
not lessen — how they work and learn together 

Digital can be used to strengthen how professionals work and learn 
from each other. Healthcare professionals often have to work in 
concert. In the operating theatre for example, there are many roles: 


e scrub nurse (e.g., assists surgeon) 

e circulating nurse (e.g., paperwork) 

e recovery nurse (i.e., post-surgery) 

e anaesthesia nurse (e.g., IV insertion) 
e technician (e.g., handles equipment) 
e assistant (e.g., position patient) 

e surgeon 


We can strengthen how they work with and learn from each other. 
Two healthcare professionals we interviewed suggested doing this 
via simulated and scenario-based team training. For example, at the 
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Honor Health Medical Simulation | We can strengthen how 
Center in USA, team-based “realis- existing professionals 


tic medical training and scenarios” . 
6 l work with each other, 
are used. The scenarios can be 


created by seasoned profession- and with new profes- 


als, thus transferring knowledge sionals entering the sec- 
from them to others in the team, | tOr (e.g., data scientists). 
especially the less experienced or | We must also be careful 
younger medical professionals. about using technologies 


that might weaken these 
We can strengthen this further relationships. 
through the use of advanced tech- 
nologies in simulation, scenarios, sensors, robotics and virtual/ 
mixed/augmented reality. They can improve how fast individual 
and teams of professionals learn, and how well different profes- 


sionals can work with each other. 


We can also extend this to_include new types of professionals 
entering the health sector. For example, one big new group now 


is in data science and analytics. These professionals are very well 
versed in Big Data, but they are typically less familiar with health 
and healthcare. The converse is true: existing healthcare profes- 
sionals are well versed in healthcare, but often less familiar with 
data science. 


If we leave it to them to only learn from each other when they are 
working on actual cases together, it will take a long time before a 
critical mass of professionals who understand each other is built 
up. It is also risky, given the potential impact on patients’ condi- 
tions. Putting both new and existing professionals through simu- 
lation training (as described earlier) could speed this up. We can 
scale the number of such professionals more rapidly. 
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The importance of getting different professionals to work with 
each other will grow rapidly in the decades ahead. As healthcare 
systems evolve into health ecosystems and community- or home- 
based care, we are likely to see even more disciplines becoming a 
part of health and vice-versa. We explored this with the Nurture/ 
Ne Zha Bib, which demonstrates how the humble baby bib could be- 
come an advanced digital device drawing on multi-disciplines, from 
genomics to materials to education to health (see section 6.3 — 
Artefact from the Future). 





“The bib can also expose 

“Advanced technologies tie child to an expanded 
g P 

can transform even the 


traditional bib”. 


vocabulary Across 
different languages As 
part of early Childhood 
development". 


“The bib can fold 
upwards And play 
peek-a-boo with the 
Child When the care 
givers Ave busy”. 


Fig 6.2.6 — Nurture/ABFE (Ne Zha) Bib (for expanded view and pictures — see section 6.3 — Artefacts 
from the Future) 
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Strengthening how well they learn from and work with each other 
is only one half of elevating the professional-professional relation- 
ship. We must also be careful that technologies do not weaken the 
relationship. 


X-rays illuminate this point very clearly. In the past, before patient 
X-rays were digitised, doctors used to crowd around a lightbox to 
discuss together what they could see. This was an excellent way to 
share expertise, help younger doctors learn, and improve the diag- 
nosis. Now that X-rays are digitised, they are now sent directly into 
the email inboxes of the doctors involved. A doctor we interviewed 
was concerned if we might have inadvertently lost some of that 
mutual learning of the past. 


In choosing which technologies we use, we need to consider such 
losses i.e., potential weakening of how professionals learn and 
work. We do not do this enough. In an interview about how tech- 
nologies are assessed within the organisation, we were told that a 
multi-disciplinary team is tasked to do so, applying ROI calculations 
and cost-benefit analysis. The interviewee was surprised when we 
asked if they considered what might be lost, and after a pause, 
shared that they typically do not, acknowledging they should con- 
sider doing so in future. 


8) Elevate the people/peer/professional-machine relationship: 
integrated interaction 

Our healthcare interviewees frequently cited instances where 
technology solutions were not well integrated with how they or 
their organisational processes worked. For example, healthcare 
professionals might prefer to batch similar tasks across many 
patients together, but the machines they are using require that 
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they do all the tasks for one patient before they can move on to 
the next. Another experienced healthcare professional shared that 
his first question to technology vendors is whether they know the 
hospital processes and workflows. 


: As the technologies used continue 
We will need advances 


to grow, and as many more in the 


in how man and ma- . l I 
community are involved in the fu- 


chines work with each ture of healthcare, how well people, 
other. Otherwise, how peers, and professionals work with 
well (or badly) people, different machines and technologies 
peers, and profession- might in itself become an impedi- 
als work with different ment. Stanford University highlights 
for example that in Al, “[a]dvances 


in how intelligent machines interact 


technologies might be- 


come an impediment. l l l 
naturally with caregivers, patients, 


and patients’ families are crucial.” 123] 


We will need to learn to design these technologies to work 
seamlessly with people, peers and professionals across multiple 
dimensions. They have to work well within individual tasks (e.g., 
positioning a needle in surgery), organisations (hospitals, clin- 
ics etc.), communities, and homes (e.g., smart homes in future). 
They also have to work across all of them, from the seamless 
sharing of data and information across IT systems across organisa- 
tions, communities, and homes, to the seamless communication 
and sharing of expertise and experience across people, peers, and 
professionals. 
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Conclusion: Creating Social and Economic 
Opportunities 

To be a successful community-based ecosystem, technologies, in- 
frastructure, interactions, networks, and communities will all have 
to be built. They create both social and economic opportunities 
for the public, private, and people sectors. Each sector in the 
ecosystem collaborates with each other. Each sector strengthens 
each other. Each sector helps each other innovate and become 
better. 


And the entire ecosystem can be both local and global. We can 
access and assess the world’s needs, resources, and collective 
intelligence. It could attract the best ideas, innovations and technol- 
ogies worldwide. The ideas, innovations, and technologies devel- 
oped within the ecosystem could also travel back out to the world. 


The ecosystem serves our health and healthcare needs first and 
foremost. It has a public and social purpose. Do that well and — 
intriguingly — it could also create an innovation and economic 
ecosystem. The ecosystem can strengthen the social capital and 
economic future of the city. 
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6.3 Healthcare in 2040 


Santa Social 
In your fingers, in your toes, and everywhere you go: health is all 
around. 


Cities and companies called it “24/7 Care”, “365 Shield”, and “360 
Degrees Protection”. The citizens, with their characteristic wry 
humour, simply called it “The Santa”. 


And why not? 

“He sees you when you’re sleeping/He knows when you’re awake.” 
The Electronic Health Records had become the Electronic Every- 
thing Records. It was not just when you slept or when you woke up, 
or worked out; round the clock, SuperSuits and sensors could take 
every imaginable personal, behavioural, and environmental mea- 
surement of you. 


“He knows when you’ve been bad or good.” All this health data 
and information were then crunched together with the latest re- 
search findings. It would predict instantly if that dreary manage- 
ment meeting you just attended, or that extra piece of fried chicken 
wing at lunch, or that funky smell in the autonomous public car had 
heightened your health risks. In short, it told you if you had been 
“naughty or nice” to yourself. 


“So be good for goodness sake.” With these predictions, it became 
much easier to tailor advice, actions, nudges, and treatments to 
individuals. At the right value and costs. And all at the right time. 
Many became more motivated, taking preventive and pre-emptive 
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measures before it was too late. Why be bad to yourself when it 
had become so easy to be good? 


Empowering citizens this way had been critical to the healthcare 
system's evolution into a community-based health ecosystem. Just 
as critical was that the system had to go social too.!"7#! 


Family and friends chipped in. So did schools, offices, factories, 
eateries, shopping malls, transport companies, and many other 
organisations. People, peers, and professionals developed new 
ways of working with each other. They all understood that each 
of them would be healthier if all of them were healthier together. 
Their personal health depended on social and public health. 


Costs were thus shared and distrib- | Empowering citizens 


uted across multiple segments of and going social were 


the population."?>! Costs were also mi i 
l critical to a communi- 

better matched: the cost savings akard henik 

l -pased health ecosys- 

from preventive health could be re- Yy Yy 


directed to providing high quality tem. This gave rise to 


acute care for chronic conditions 
and humane end-of-life for an age- 
ing population.!2°! 


an intriguing idea of the 
Health Provident Fund, 
that could be a financial 


buffer for healthcare ex- 
An intriguing idea arose of a Health 


Provident Fund. It combined “The 
Santa” with the social. If everyone 


penses, retirement and 
rainy days. 


agreed to let their Electronic Every- 

thing Records be aggregated, they would create an Electronic 
Everybody’s Everything Repository. This Electronic Everybody’s 
Record was a data gold mine. Cities could use it for population 
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health segmentation. Scientists could use it for research. Compa- 
nies could develop precision interventions. And all were prepared 
to pay for the data. 


If the right privacy, confidentiality, security, regulations, policies, 
and practices could be put in place, together with the right 
business models, every citizen could be paid regularly for their 
round-the-clock health data."?”7 If untouched and compounded 
over the years, each citizen’s Health Provident Fund payments 
could be a financial buffer for health and healthcare expenses, 
retirement, and rainy days. 


Health could finally become (a little) wealth for everyone. 
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Artefact from the Future — 
SuperSuit/SuperCare/Empathy 
Suit 











—Jaz’s 
Gran 
80s 

Digital Peer Tutored 


dparent 





(while recuperating 


in hospital) 





Year 2030: SuperSuit/SuperCare/Empathy 
Suit!228-1521 

The ultimate wearable: nanofibres, sensors, 4D printing, and indus- 
trial design. 


They were all so dedicated. The doctors, the nurses, and the al- 
lied professionals. And they never wavered when global pandemics 
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threatened. They stood firm as a fortress, and together with citi- 
zens and companies, kept the city safe. 


The city was thus thankful that they had resisted taking automa- 
tion to its logical extreme during the era of Big Automation. It had 
been so tempting. A lot of spending was needed — ageing pop- 
ulations, increasing clinical complexities, growing specialisations, 
technology investments, and new technology-overuse syndromes 
(like the iHunch) — and every day, there were so many vendors 
knocking on the hospitals’ doors promising substantial cost savings. 
It all sounded so very attractive. 


Fortunately, the city and the hospitals decided that not everything 
that counts can be counted and costed. They decided they had to 
be smart with people too, and not just with technology. People 
after all were at the heart of the healthcare system. That is why so 
many healthcare professionals had joined and stayed in the sector. 
Technology was not just for cutting costs; it was also to help health- 
care professionals and patients. 


Technology such as the SuperSuit. 


The SuperSuit as a SuperNurse uniform was electrospun to 
strengthen support for the nurses’ backs. Patients were getting 
heavier and nurses were getting older too. Robots could do a lot 
of the lifting and carrying of patients, but there remained other 
activities that required nurses to assist the patients. The Super- 
Nurse ensured that nurses did not injure their backs as they did 
this. 


The SuperSuit as a SuperCare hospital gown was also smart. 
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SuperCare could be tailored to the patient’s personal health and 
cultural needs. It gave the patients maximum physical and psycho- 
logical comfort. It sensed the patients’ conditions continuously — 
but not intrusively — and alerted doctors, nurses, and allied profes- 
sionals if something seemed to be amiss. In fact, SuperCare seemed 
to do such a good job of knowing how patients felt, and helping 
patients and professionals at just the right time that it was also 
dubbed the “Empathy Suit”. 


The SuperCare hospital gown (@Empathy Suit) was one of the 
many patient-centric innovations implemented over the decades. 
Nobody wanted to be hospitalised. But if they were, the experi- 
ence need not be any more unpleasant than it needed to be. In 
fact, many patients felt it was rather pleasant. There was so much 
care, compassion, comfort, and consideration for their needs. It felt 
warm, safe, and healing. And thanks to the online and in-person 
classes taught by volunteers, some patients even picked up new 
technologies, skills, and knowledge, or rekindled childhood loves 
and hobbies. 


There was one remaining persistent complaint: food. 


No matter how hard the hospitals tried, the patients always 
had a bone to pick with the meals provided. The hospitals had 
even procured the iYummy, a computationally creative super 
deep learning 4D food fabricator. iYummy crunched a global data- 
base of culinary recipes, and cooked up — using locally sourced 
organic ingredients — a tasty and healthy meal that matched the 
patient’s favourite street foods and dietary requirements. The 
meals were supposed to be of Michelin-starred standards, but 
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the patients still had a beef with them. It was just not yummy 
enough. The citizens’ passion for their food was insatiable. 


Some things were simply beyond even the most advanced technol- 
ogies. Even in the most advanced healthcare systems. 


SuperCare Hospital Gown 


Future Technologies and Opportunities 





Additive Manufacturing: Intelligent Textile fabricated with coated or spun nano materials (i.e. nanofabric) 
and 4D Printing technology for maximum comfort, support (for weak and injured areas), and style (for confi- 
dence). The gown can also be styled to be aspirational (e.g. kids role-playing superheroes) and nostalgic 
(e.g. an adult's favorite dress when they were younger). 


Sensing & Actuating: The gown senses and monitors physiological signs of the wearer. Based on these 
signs, the gown will respond to provide maximum comfort and support to the wearer. The smart fabric in 
the gown also provides the power (e.g. solar) for these functions. 


Communications & Empathy: The change in colour of the entire gown in an emergency alerts those around 
to provide immediate assistance; it also sends calls for help to the nearest healthcare professionals. To 
replace the conventional drips and lines attached to the body, the gown could provide medication and 
treatment to the patient by releasing drugs or providing therapy. Parts of the gown can be highlighted to 
indicate where the patient is experiencing pain. The entire experience of the wearer can also be fed into 
future training scenarios for healthcare professionals to develop skills and empathy. 


Intelligent Textile Technology. 
Earbuds are printed with the gown 
to accurately track vital signs such 

as heart rate, temperature, and 

respiration rate and to provide 
aural comfort to the wearer. 


Sense and Alert. 
oe . PETEN Colour-change on nano spun 
FEELING SUPER earbud cable around patient’s 
neck to display level of urgency 


for attention needed from 
healthcare professionals. 


4D-Printed area allows 
sleeves to form several programmed 
shapes to portray confidence from 
role-play. It could boost morale of a 
child by responding when the gown 
senses wearer's anxiety. 


Smart Access allows intuitive ‘peel’ to 
4 undress/wear gown giving patients full a 
coverage, and great convenience to 
healthcare professionals (enabled by 4D 
Printing technology). 


Nanofabric Technology 
maintains and adjusts temperature 
according to wearer's physiological 

status. It prevents bacterial growth and 
eliminates moisture and odour. It also 
prevents static electricity charge. 
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FEELING FESTIVE FEELING NOSTALGIC 


Sense and Alert. 
Colour-change on patterns 
around the collar (or entire gown 
iA | for Feeling Nostalgic) to signal | SY 


emergency. 


Pattern size changes to signal 
range of physiological changes. 


Smart Access allows intuitive ‘peel’ to 
A undress/wear gown giving patients full N 
coverage, and great convenience to 
healthcare professionals. (enabled by 4D 
printing technology) 


Nanofabric Technology 
maintains and adjusts temperature 
according to wearer's physiological 

status. It prevents bacterial growth and 
eliminates moisture and odour. It also 
prevents static electricity charge. 





Fig 6.3.1 — SuperCare/Empathy Suit/SuperSuit 
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Artefact from the Future: 
Nurture/#rt (Ne Zha) Bib 


a 


N R \ 
y NN 
p \ 
wv 





Year 2040: Nurture/hFE (Ne Zha) Bib!53-179! 


Aiding childhood development with Al, genomics, sensors, 4D 
printing, and industrial design. 


Tutor of a vast vocabulary. Protector of marital harmony. Exemplar 
of gene-environment interaction. And a cute and acute absorber of 


drool. 


The humble bib had been thoroughly transformed by technology. 
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The company behind it was a joint venture between Asian 
investors. They saw it as a pan-Asian company that would tap 
on the best talents and technologies across Asia. They would then 
take their products into global markets. 


The Nurture/ HHE (Ne Zha) Bib was a worldwide success. 





“The bib can also expose 
the child to an expanded 
vocabulary across 
different languages As 
part of early Childhood 
development”. 


“Advanced technologies 
can transform even the 
traditional bib”. 


“The bib can fold 
upwards And play 
peek-a-boo with the 
Child When the care 
givers Ave busy”. 


Fig 6.3.2 — Nurture/§KFE (Ne Zha) Bib Concept Sketches 


Parents everywhere loved it. And it was not just because it was the 
quickest drying bib in the market. Or that it was super green — made 
of dye-sensitised solar textile, it was powered by the sun. 


It was because it was highly affordable (thanks to the decades of 
manufacturing prowess in Asia), and helped them tackle some of 
the early childhood developmental challenges, especially for lower- 
income families. 
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It could expose young children to multiple languages. This built the 
child’s facility with two or more languages. One would have imag- 
ined this would become less important now that universal transla- 
tors were ubiquitous. But in a globalised world, understanding and 
accessing another culture — literature, arts, commerce — in its own 
language was more highly prized than ever. 


It could measure the children’s drool and other vital physiological 
signs. These alerted parents early if something was not well in 
their children’s health. They could then take preventive action as 
needed. 


Parents also loved the bib because it seemed their children loved it 
too. It was like a toy. It talked to the children. It played peek-a-boo 
with them. More subtly, their children could point to the designs they 
liked, and the bib would be 4D-printed. Parents could even transform 
their children’s imperfect crayon stick figure drawings onto the bib, 
and that would be the one printed. 


There was a group of parents who felt especially grateful for the 
bib. They were the parents whose children had been determined to 
have a risk allele (different forms of a gene found at the same loca- 
tion on a chromosome) for major depression. Research had shown 
that the genetic effect depended on how stressful the environment 
was for the baby. The bib reduced the possibility that any severe 
arguments the parents had amongst themselves — arising from 
their own stressful lives — would spill over into a “stressor” for 
their children. The bib shielded their children, making the effect 
of the risk allele irrelevant. It also reminded the parents visually to 
cool down. 
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Fig 6.3.3 — Nurture/BFHE (Ne Zha) Bib 


The bib’s phenomenal success had taken a long time, lots of pa- 
tient capital from the investors, and many successive generations of 
design. 


The first set of technologies it incorporated were the Al and chatbot 
technologies that had become mainstream by the early 2020s. These 
first made it possible for the bib to detect harsh words spoken by the 
parents, and transform them into nurturing words the child would 
hear. They then made it possible for the bib to become interactive. 
The bib could understand and respond to young children’s imperfect 
pronunciation (and sometimes gibberish). Then came the universal 
translators for multi-lingual exposure. 


The second set of technologies were the advances in manufac- 
turing and materials. 4D printing — and more broadly additive 
manufacturing — of fabrics, and spinning of nanofibres, made it 
possible to customise both the shape and properties of the printed 
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product. Parents could simply go online and pick the features and 
functions they wanted. 


The most interesting set of technologies had to do with genomic 
sequencing. Parents were beginning to come round to the bene- 
fits of sequencing the genome of their children to catch potential 
problems early. It was also becoming cheaper and easier to do so. 
More importantly, the efficacy had improved with advances such as 
Genome-Wide Association Studies. 


It was in this last set of technologies that Singapore played a 
special part in the Nurture/%®BHE (Ne Zha) Bib’s success. Because of 
its decades-long history of building up the biomedical sector and its 
focus on design, a cluster of genomic industrial designers evolved. 
They were designers who aspired not to change the genome, but the 
environment. They understood that for selected genetic effects, the 
magnitude of the effects depended on the environment. The bib was 
validation of their design philosophy. 


For many then, be it parenting, investment, research, or design, Ne Zha 
was a godsend (pun intended). 


Oh, and one more thing. The best part about the bib? It was machine 
washable too. 


More than a health monitor. 
More than a security blanket. 


Jazper is a time machine that bridges 
generations. 


Through Jazper you can connect to our 
venerable team of digital peer tutors, 


Nostalgia. 


who can teach your child the languages, 
lingo, dialects, songs, stories, nursery 
rhymes, and games from days of yore. 


Be it Dayung Sampan, MAR, mre 
Booorem ult__reu, or AAA, you can 
introduce your child to whole new worlds. 


comfort. companion. culture 





7 Conclusion: The Scalable City 


People and 
experts 


can access 


Infrastructure, 
services and 
“things” 


What resources citizens 


Within City 





Global 


Primary locations of resources 


Fig 7.1 — Scalable and Smart Cities 


Because of digital, cities are now scalable. 


In the future of work, cities 
can deconstruct and recon- 
struct work for every citizen, 
across the city, and around 
the world. No task is too 
small or no collection of tasks 
is too big. Cities can always 
reconfigure the right mix of 
local, regional, and global 
expertise, across individuals 
or networks, and across es- 
tablished, new, and machine- 
based expertise. 


Living Digital 2040 discov- 
ered that the future of work, 
education, and healthcare is 
also a scalable one. Scalabili- 
ty of this digital nature holds 
the promise that small cities 
could once again transcend 
their small physical size. Imag- 
ine if in the digital decades 
ahead, digital does for data, 
information, tasks, and exper- 
tise, what the shipping con- 
tainer did for physical goods? 
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In the future of education, personalised learning and teaching can 
be scaled. Each and every child or teacher can teach the world. 
Each and every child or teacher can also be guided by a global team 
of experts. When it comes to nurturing personal peaks, no interest 
is too small and no ambition is too big. 


In the future of healthcare, cities’ community-based health eco- 
systems can be as small as needed, or as big as desired. The 
ecosystem can be global even as the interventions are local, even 
precise to an individual. Citizens see that taking care of themselves 
is better when they take care of each other, locally, regionally, or 
globally. 


Scalability of this nature is possible because digital technologies 
have made possible what used to be “expensive, impossible, or 
often simply never imagined.” Professor Michael Batty from the 
University College London states that new information technolo- 
gies have transformed the costs of interaction so much that they 
have put the “role of networks, communications, and interactions 
to the fore in thinking about the contemporary and future city.” 
Consequently, what a city chooses to do for the future “is doomed 
to failure if it does not account for networks that span the globe.” H 


We have to go beyond the physical. He states that his recent book 
The New Science of Cities “outlines a science no longer exclusively 
based on theories of location... [and] we must underpin our theo- 
ries with ideas about how we relate to each other... [and] switch 
our traditional focus from locations to interactions.” ”! 


According to him, “by the end of this century, the physical form 
of cities in terms of their locations is likely to be massively 
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different...[and] this change is likely to be so great that we have no 
idea as to what the city of the medium-term future will look like.” ®! 


Living Digital 2040 was our attempt to imagine what that future 
might look like. We explored the future of work, education, and 
healthcare, soheres which we experience intimately and where 
many of our interactions and connections are forged. 


In doing so, we were also discovering what a Scalable City might 
look like. 


Becoming a Scalable City is of tremendous import to small cities like 
Singapore. It holds the promise that the small city-state could once 
again transcend its small size. 


In the pre-digital decades in the last century, the shipping con- 
tainer made it possible to break down and reassemble physical 
goods. This transformed global shipping, trading, and entire social 
and economic systems." 


What if, in the decades ahead, digital does for data, information, 
tasks, and expertise, what the shipping container did for physical 
goods? What if it disrupted the laws of urban scaling?! We might 
see an equally wide-ranging transformation across our global, so- 
cial, and economic systems. Transformations that we had assumed 
to be expensive or impossible, and opportunities we had simply 
failed to or yet to imagine. 


And what if we built on what we are already doing in smart cities?! 
Many smart city strategies focus on what goes on within the city. 
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It is digital, but bounded by the physical. Living Digital 2040 shows 
that we can build on the physical but scale digitally to reap massive, 
widespread benefits. 


We might come to a new understanding of how to make ourselves 
relevant to citizens, companies, and cities worldwide.”! We might 
be able to do more individually and internationally. We could trans- 
form cities, even as digital transforms us. 


We could become smart and scalable. 
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Research Methods 


We adopted a qualitative approach for this project, meaning that 
we choose to focus on the interpretations and the meanings that 
people attach to their words and worldviews. We wanted depth, 
definition, and diversity on how people live their lives according to 
the ways they make meaning of their environments and actions, 
including how they use and avoid technology. 


We wanted depth, We used in-depth interviews, 
definition, and diversity | participant observation, and group 
on how people live discussions; these are established 
their lives according data collection methods in qual- 


to the ways they make itative research on organisations 


f : : and work,#I2I3] education, and 
meaning of their envi- 
healthcare. 818! We also purpose- 


ronments and actions - ae 
i fully consulted empirical studies in 


including how they use those areas with a technology bent. 


and avoid technology. 

As a result, we did not use quanti- 
tative research methods such as surveys and probability sampling. 
The use of structured survey questionnaires with constrained re- 
sponse options (such as “yes/no” and a range of sentiments from 
“extremely agree” to “extremely disagree” toward a set of opin- 
ions) and statistically representative sample of a target population 
will not collect the appropriate types of data that help us achieve 
our research objectives. 


As highlighted earlier, we focus on three domains, namely health- 
care, education, and work. We chose these three domains as they 
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affect all of us in how we live, work, and play, and also because each 
can be considered a social institution that everyone will experience 
first-hand at various points in his or her life. 


We are aware that these three domains are discrete and separate 
from but also closely connected to one another. Therefore, we took 
the effort to make sure that during our interviews, while focusing 
on specific domains and sub-areas, we also introduced and con- 
nected different domains to one another at various junctures. 


For example, we asked respon- | We used a combination of 

dents identified for inquiry in f 
purposive and snowball 

the work domain to also re- , 

o, sampling methods where 

flect on their university or col- 


lege lives, especially how their 
courses could be refined to 
better match their aspirations 
and envisioned career trajecto- 
ries, and whether any change 


we actively sought individu- 
als with specific characteris- 
tics and sets of experiences 
so that we could achieve a 
satisfactory level of variety 


should be introduced at all. | ang depth in our data. 
This line of inquiry during our 


fieldwork made sure that we connected work and education. 


We used a combination of purposive and snowball sampling meth- 
ods where we actively sought individuals with specific characteris- 
tics and sets of experience so that we achieve a satisfactory level 
of variety and depth in our data. To illustrate using the education 
domain, we met educators who had experience in implementing 
successful, innovative programs using technology in their schools. 
We also spoke broadly with educators in leadership positions, 
such as principals, as well as “rank and file” teachers. Insights 


AnnexA 185 


from such “thick” data were instrumental in building rich and 
empirically-grounded scenarios, personas, and artefacts. 


We also alternated between the various respondent groups and 
domains during interviews to ensure that our emergent under- 

standing holds across contexts, 
This approach of focusing | and to purposefully seek out re- 
on diversity and depth orienting or disconfirming obser- 


of ideas gels well with vations from other groups." At 


our future-oriented focus the same time, we tempered this 


approach with practical contingen- 
because we want to PP P 18 l 
cies. For example, we gave priority 


discover and elaborate to respondents with challenging 


on elements of scenarios | Schedules (e.g., senior manage- 
that are insufficiently or ment) and those who were exiting 


not yet imagined. their organisations. 


We took into account the frequency of an issue or topic being raised 
during fieldwork and analysis, and paid close attention to novel, 
less obvious, and counterintuitive and contrarian views that chal- 
lenged received or conventional wisdom or majority opinions that 
we had inadvertently taken for granted. For example, one respon- 
dent reminded us that ageing will more broad-based than we real- 
ised; not only are patients going to be older, but also our nursing 
professionals and home caretakers. They too would need help to 
perform repetitive menial tasks, such as helping patients to shower 
and turning patients over in bed to prevent them from developing 
bed sores. 


This approach of focusing on diversity and depth of ideas gels well 
with our future-oriented focus because we want to discover and 
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elaborate on elements of scenarios that are insufficiently or not 
yet imagined. It gave us an opportunity to think more clearly and 
created psychologically safe spaces to raise contrarian viewpoints. 
In total, we spoke with 174 individuals, over the course of 71 inter- 
views and nine workshops. The table below provides a summary of 
the profiles of and the context under which we interacted with the 
174 individuals. 


Fieldwork type Number of Individuals Remarks 


Interview respondents: Examples are scholars, senior 


Experts and decision makers executives in firms and healthcare 


organisations (e.g., hospitals), and 


school principals. 


Interview respondents: Examples are teachers, heads of 
Users and technology managers department, students, doctors, 
nurses, as well as junior associates 


and managers in firms. 


Workshops (n = 9) This number includes participants at 
one workshop (n = 14) that was not 
organised by the Living with 
Technology project team, but where 
observation notes of the discussion 
were taken by project members who 
sat in during the event. 


Workshops included topics such as 
GCE “A” levels economics lesson plan 
prototyping, future of healthcare and 
wearables, and future of education, 
among others. 


Grand Total 





Fig A1 — Summary of Fieldwork 


AnnexA 187 


This distinguished group of In aueWel we nag extensive 
Sk : conversations with another 20 
individuals also provided usa | . 

individuals — whom we called 


more balanced view of deci- 


our “informants” — across a 
sion-making processes, both broad spectrum of contexts 
ground-up and top-down, in and for various purposes, and 
existing hierarchies. often more than once. For ex- 


ample, some informants were 
individuals involved in similar futures-oriented initiatives like us 
or were domain subject experts. Others served as our gatekeepers 
who facilitated access to decision makers in organisations such 
as firms, schools, and hospitals. Given the control of access 
and their busy schedules, we would not have been able to reach 
several decision makers without our informants. This distinguished 
group of individuals also provided us with a more balanced view 
of decision-making processes, both ground-up and top-down, in 
existing hierarchies. They provided us with invaluable background 
information and expedited our learning process. We wrote memos 
of our interactions with them and those documents added depth 
and definition to our analysis, scenarios, personas, and artefacts. 
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Fieldwork 

We started fieldwork after we received approval from SUTD’s Insti- 
tutional Review Board in early August 2015. Our fieldwork lasted 
about 14 months, from August 2015 to October 2016. 


We conducted most interviews one- Recognising the limits of 


to-one, but for some respondents, : i 
l l recall biases in retrospec- 
we conducted group interviews 


when we knew in advance that the | "Ve accounts, we actively 


individuals involved preferred famil- corroborated the events, 
iar faces and a less threatening en- | issues, and themes noted 
vironment to discuss novel and less | in these interviews with 

mainstream ideas.!!!!?! Recognising | archival data analysis and 


the limits of recall biases in retro- | if possible, field observa- 


spective accounts, we actively cor- tions in-situ (e.g., school 
e bw d 


roborated the events, issues, and ; 
. premises). 

themes noted in these interviews 

with archival data analysis and if 

possible, field observations in-situ (e.g., on school premises). Where 
appropriate, we also cued the interviewees on key events that they 
had omitted, or challenged them on inconsistencies that we identi- 
fied. On average, the one-to-one and group interviews lasted about 
75 minutes, with the shortest interview lasting for 45 minutes and 


the longest, for about 160 minutes. 


During interviews, we used a semi-structured interview guide. We 
typically started with broad questions, trying to understand the 
background of our interview respondents and participants from our 
group discussions and workshops. As the discussion proceeded, we 
focused on the key domain areas (i.e., healthcare, education, and 
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work) and their “function” (as subject matter experts, users and 
practitioners, and decision makers). 


We audio-recorded our interviews when respondents gave us ex- 
plicit permission to do so. During interviewing, we discontinued or 
Suspended recording when respondents requested us to do so or 
when we sensed that recording was hampering candid and deep 
discussion. We also did not request for or perform any recording 
when we knew in advance that respondents were not receptive to 
audio recording. 


We worked as a team, We worked as a team, taking on 


taking on multiple roles multiple roles that were contingent 
on field situations. We adopted the 


that were contingent on l l 
stance of “known” investigators in 


field situations. T 
the field;'*?! our respondents, partici- 


pants, and informants/gatekeepers understood our presence was 
as researchers who sought to understand their work. One presen- 
tational tactic that we deployed was “acceptable incompetence” 
to draw out elaboration especially from our respondents."4! This 
quintessential student role encouraged them to flesh out their argu- 
ments, such as relating real-life examples to illustrate their abstract 
ideas. On other occasions, we displayed “selective competence”!>! 
to enhance our credibility as informed members of the communi- 
ty. For example, in discussing the future of healthcare with some 
healthcare professionals, we used appropriate professional jargon 
(e.g., “patient activation”) during our discussions. 


We also treated our semi-structured interview guide as a dynamic 
document that would undergo iterative revisions to better extract 
and organise data collection." The approach resembled that of 


190 Living Digital 2040 


a “guided” conversation rather than one that followed the strict 
protocol of a survey questionnaire. 


We took notes during the guided conversations. Those notes 
formed the basis for more reflective memos that captured overall 
impressions, key ideas, analytical and methodological points from 
the interviews, as well as queries to follow up on during fieldwork. 


We held bi-weekly team Some members actively ques- 
progress updates, which tioned while others actively took 
provided opportunities notes. Those who took notes did 


förother mémbersio not interrupt the discussions. On 
. some occasions, we deliberatel 
play devil’s advocate by 7 

ki larificati deferred our impulse to imme- 
a a a diately pen down respondents’ 


tions or offering alterna- animated interactions on inter- 


tive interpretations and esting topics until they moved on 
gave us the occasion to to more mundane ones. This stra- 
clarify our interpretations | tegic delay between observation 
of our qualitative data. and documentation reduced the 


likelihood of eliciting negative re- 
sponses from our informants, particularly when they were disclos- 
ing sensitive information. 


When it was impossible to take physical notes, we made an effort 
to take “head notes” to tag significant events."7! Following recom- 
mended ethnographic practices to mitigate the effects of memory 
loss,"3! we attempted to type field notes within the day. Interview 
and discussion memos/notes and interview transcripts (when avail- 
able) were shared with every member in the research team. 


Besides noting what had transpired in the field, we also surfaced 
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tentative themes, and identified technical queries and methodolog- 
ical concerns that we needed to address or anticipate in subsequent 
fieldwork. 


As much as possible, we ensured that our methods adhered to the 
standards and guidelines articulated in established ethnographic/ 
qualitative fieldwork in social sciences as well as other related disci- 
plines such as information systems, organisation and management 
studies, 19)20ll21) 


We held bi-weekly team progress updates, which provided oppor- 
tunities for other members to play devil’s advocate by asking clarifi- 
cation questions or offering alternative interpretations and gave us 
the occasion to clarify our interpretations of our qualitative data. In 
essence, we ensured that the team did not conclude our analysis 
prematurely. 22! 


Analysis and Building Scenarios, Personas, 
and Artefacts 


We captured our initial impression of our field notes, memos, and 
interview transcripts as early as possible, even as fieldwork was still 
on-going, to prevent ourselves from becoming de-sensitised to the 
data.!?! 


During our early readings of our data and materials, we focused on 
bracketing “codable moments”. This refers to fragments of text in 
our field notes, memos, interview transcripts, and other materials. 
These “codable quotes” provided the foundation for subsequent 
first and second cycle coding.'°?! For example, we bracketed how 
our respondents talked about technology and the extent to which 
they felt it would help or hinder their jobs and lives. 
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During first cycle coding, we used a hybrid of simultaneous coding 
(also known as double coding), descriptive coding, in vivo coding, 
process coding (“-ing” coding), and initial coding (also known as 
open coding) to carefully identify those highlighted instances. 


During second cycle coding, we focused on conceptual 
scaffolding.”®! We moved between both stages to refine the 
codes so that while they remained close to the data, they also 
became more precise and abstract in terms of what we wanted 
to label, and how we planned to organise them. 


We used this coding strategy to identify and refine what digital 
technologies can do for us (e.g., “live, love, learn, and earn,” “see, 
sense, experience and empathise” in Drivers of Change) and dimen- 


sions of scenarios (e.g., struggle versus strive in Future of Work). 


The various codes and concepts generated also provided the 
foundation on which we built our scenarios, personas, and arte- 
facts. The interim scenarios, personas, and artefacts (see Fig A2 
for the sketches of patient SuperSuits) gave us concrete ma- 
terials to focus our discussions and refine the narratives that 
connect the various elements in our report in a coherent and 
purposive fashion. It was through such discussions and continual 
refinement that we came to create a family of personas, instead 
of a loose collection of disparate and unconnected individual per- 
sonas that are more common in other future or scenario planning 
initiatives. 


Using a family of personas helped us to not only articulate and 
elaborate familial ties — which can be considered the most basic 
and closest social relationships and interactions in society — but 


also provided a means for 
us to examine the vari- 
ous life stages (e.g., being 
in school, entering work 
retiring) and the 
process of ageing, as well 


force, 


as to weave them into our 
narratives. These narra- 
tives are critical in our ana- 


lytical and creative process 


AnnexA 193 


Using a family of personas 
helped us to not only articulate 
and elaborate familial ties- 
which can be considered the 
most basic and closest social 
relationships and interactions 
in society- but also provided a 
means for us to examine the 
various life stages (e.g., being in 


as they depict the aspira- ; 

Gung. (ars. and weeds school, entering work force, re- 
and flesh 
out the social contexts in- 
habited by our personas. 
This in turn informs our 
scenarios and the features of our artefacts.?7!?8! Our treatment 
of the narratives and their relationship to personas and artefacts 
closely resembles how “design fiction” is used in some research 


communities (e.g., Human-Computer Interaction(HCl)) to establish 


our personas, tiring) and the process of ageing, 


as well as to weave them into 
our narratives. 


a “problem space” where ideas, however weak or equivocal they 
might be, could be explored, refined, or even discarded.'?%! 


Done this way, we are confident that the scenarios, personas, 
and artefacts that we curate and create are not only outcomes of 
“disciplined imagination”,P’ but also careful abstractions of proper- 
ties and traits that were based on authentic lived experience. 
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Fig A2 


By 2020 By 2025 By 2030 Source(s) 


Autonomous vehicles willbe capable of | Autonomous vehicles will be capable of Autonomous vehicles will be capable of driving in any Roadmap for US 
driving in any modern town or city with driving in any city and on unpaved roads, environment in which humans can drive. Their driving skills Robotics!” 
clearly litand marked roads and and exhibit limited capability for off-road will be indistinguishable from humans except that robot 
demonstrate safe driving comparable toa environment that humans drive in, and will drivers will be safer and more predictable than a human 
human driver. Performance of be as safe as the average human-driven car. driver with less than one year's driving experience. Vehicles 
autonomous vehicles willbe superior to Vehicles will be able to safely cope with will be able to learn on their own how to drive in previously 
that exhibited by human drivers in such unanticipated behaviours exhibited by unseen scenarios. 
tasks as navigating through an industrial other vehicles. Vehicles will also be able to 
mining area or construction zone, backing tow other broken down vehicles. Vehicles 
into a loading dock, parallel parking, and will be able to reach a safe state in the 
emergency braking and stopping. event of sensor failures. 
1) Low-complexity hands with small 1) Medium-complexity hands with tenor 1) High-complexity hands with tactile array densities, Roadmap for US 
numbers of independent joints will be more numbers of independent joints and approaching that of humans and with superior dynamic Robotics"! 
capable of robust whole-hand grasp novel mechanisms and actuators will be performance, will be capable of robots whole-hand grasp Research Roadmap for 
acquisition. capable of whole-hand grasp acquisition acquisition and dexterous manipulation of objects found in Medical & Healthcare 
2) Robotic manipulators for surgery should and limited dexterous manipulation. manufacturing environments used by human workers. Robotics®! 
be able to perform snake-like manoeuvres 2) Micro-scale robots should be able to 2) Groups of tetherless millimetre- and micron-scale robots 
at great depth. Manipulators for assist in dexterous microsurgery in small will be able to both swim through bodily fluids and bore 
everyday objects should be expanded to structures such as the eye, as well as through tissue to perform highly localised therapies. 
handle more general objects and tasks cellular-scale surgery. Mobile manipulation Assistive robots will autonomously perform general care- 
(pick up, deliver, turn know, open door, with on-board power and computation related tasks in human-centric environments with only 
push button, move slider, etc.) should manipulate objects in everyday high-level supervision. 
3) Snake-like robotic instruments will environments safety. 
enable surgeons to perform simple natural 3) Snake-like surgical robots will be capable 
orifice translumenal endoscopic surgical of high-dexterity surgical tasks throughout 
procedures inthe abdomen via the the body and should also be miniaturised 
stomach. Robot assistants will aid to enable precise microsurgical repairs. 
healthcare workers in safely moving patients Tetherless centimetre-scale robots will be 
in and out of hospital beds. introduced that can perform interventional 
tasks inside the body such as removing 
polyps or modulating blood flow. Assistive 
robots will interact with impaired 
individuals to perform self-care tasks, such 
as grooming, hygiene, and dressing. 


Autonomous 
Navigation 


Human-like 
Dexterous 
Manipulation 
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Edutainment 


Automated 
Understanding of 
Human State and 
Behaviour During Robot 
Interaction 


Secure and Safe Robot 
Behaviour 


Sustainable and 
Manufacturing 


Automated understanding of emotional & 
physiological state: Wireless wearable sensors 
to detect and classify, as well as tosome 
degree predict user physiological state. 


1) Context-appropriate guidance: A robot 
should be able to recognise and classify human 
behaviour and intent - in a modified 
environment and/or people are augmented to 
make perception easier. 

2) Robots will be able to have the ability to 
capture human state and behaviour (aided 
with wearable sensors) in controlled 
environments (e.g., physical therapy sessions, 
doctor’s offices) with known structure and 
expected nature of interactions. Data from 
such sessions will begin to be used to develop 
models of the user that are useful for 
developing general schemes for optimising 
robot interactions. 


We will exhibit cost-effective, inherently safe 
actuation, and light-weight/high-strength 
robot bodies in surgical and socially assistive 
robotics for in-clinic and in-home testing for 
specific tasks. We will fully characterise and 
theoretically counter security vulnerabilities 
present in remotely controlled surgical 
devices. 


Manufacturing process will recycle 10% of raw 
materials, reuse 50% of the equipment, and 
use only 90% of the energy used in 2010 for 
the same process. 


Robots educating and entertaining humans; 
multi-modal communication - assessment ofa 
person's emotional state and physical 
expression of emotions and gestures; challenge 
is to produce robots with sufficient 
functionality to generate novelty and 
fascination and maintain the interest of a 
person over a significant time span at a suitable 
price. 


Robots will be able to automatically classify 
human state and behaviour from lightly 
instrumented users (lightweight sensors), in 
less structured settings (e.g., doctor’s offices 
and homes with less-known structure), visualise 
those data for the user and the healthcare 
provider, and choose appropriate interactions 
for individual users based on the classification. 


We will create affordable and safe standardised 
translational research platforms (both 

hardware and software) for safe in-clinic and in- 
home robot evaluation with heterogeneous 
users (healthcare providers, family, patient). 
We will collect longitudinal data on safety and 
usability. We will test secure communication 
links suitable for secure telemedical 
interventions. 


Manufacturing process will recycle 25% of raw 
materials, reuse 75% of the equipment, and use 
only 50% of the energy used in 2010 for the 
same process. 


Source(s) 


Roadmap for US 
Robotics!) 


Europe Robotics 
Roadmap 20105! 


Robots will be able to detect, classify, predict, and provide Roadmap for US 
coaching for human activity within a known broad context (e.g., Robotics! 
exercise, office work, dressing) with minimal use of obtrusive 

sensors. The robot will be able to provide intuitively visualised 

data for each user, based onthe user’s needs. Decisions for robot 

interactions based on the ongoing classification of state and 

behaviour will use algorithms validated as effective in rigorous 

experimental studies. 


We will achieve safe deployment of robot systems in unstructured Roadmap for US 
environments (e.g., homes, outdoor settings) involving human- Robotics’! 
machine interaction in real-time with unknown users, with minimal 

training and using intuitiveinterfaces. We will deploy proven safe 

surgical robots with partial autonomy capabilities which achieve 

greater precision than human surgeons. We will develop secure 

telemedical interventions mediated by the open Internet. 


Manufacturing process will recycle 75% of raw materials, reuse Roadmap for US 
90% of equipment, and use only 10% of the energy used in2010 _ Robotics! 

for the same process. 2040: Spare capacity built into supply chains 

for resilience; Products remanufactured and redesigned with Roadmap for UK 
recovery in mind; Tougher environmental standards for products; Manufacturing! 
New ways of ‘pricing’ the environment; Business models based on 

reuse and remanufacturing and services; 2050+: Products kept in 

‘production loop' where they are remanufactured to 

original/better specs 
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By 2020 By 2025 By 2030 Source(s) 


Nano- Nano-manufacturing for nano-robots for drug delivery, Roadmap for US 
manufacturing ii T therapeutics, and diagnostics. Robotics!1°! 


Assist humans in performing services 

useful to well-being of human and Europe Robotics 
equipment, e.g., sophisticated therapy is a Roadmap 2010! 
for stroke patients 


Safe Robot 


Automated understanding of Use of flying robotic platforms for 1) Automated understandingofemotionaland Research Roadmap for 
emotional & physiological state: surveillance willincrease, and inthe physiologicalstate: off-the-shelf wireless physiologic Medical & Healthcare 
Wireless wearable sensors to detect longterm accomplish more complex sensing devices to inter-operatewithcomputer- and Robotics!*?! 
and classify, as well as to some degree tasks like responding to sudden and robot-basedcoachingsystems for real-time bio- 
predict user physiological state. unexpected events and identifying feedback andclassification of user physiologicaland Europe Robotics 
abnormal activities or potentially emotional state. Roadmap 2010/23) 
dangerous situations. 2) Roboticsystems able to providefullsuite of physical 
feedback to humanoperator.Asurgeonor caregiver 
Surveillance and should be able to feel forces,detailed surface textures, 
Intervention and other physical properties of a remote patient. 
3) Quantitative diagnosis&assessment: connect and 
access bioelectrical signals with wearableor implantable 
devices. Quantitativeanalysis ofdata to informinsitu 
diagnosisas well as long-term patient tracking. 
4) Achievesemi-automated and automated surgical 
assistants that use fully real-time image-to-model 
generation (including geometry, mechanics, and 
physiologicalsensing). 


Demonstration of a robot where 

programming by demonstration can be Roadmap for US 
used for complex task learning such as ai Robotics!14! 
meal preparation ina regular home. 
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By 2020 By 2025 By 2030 Source(s) 


Wecan accomplish connecting and easily accessing Roadmap for US 
biophysical signals with wearable or implantable Robotics!) 
devices in real time. This is linked to integrated 
unencumbered multimodal sensing and intuitive data 
visualisation environment for the user and caregiver. 
Real-time algorithms enable not only off-line but also 
online quantitative analysis of such data to inform in 
Quantitative situ diagnosis as well as long-term patient tracking or 
Diagnosis wa an skill acquisition. Systems are developed for in-home use 
and detection of early symptoms of pervasive disorders, 
such as autism spectrum disorder, from behavioural 
data. Similarly, the progression of degenerative motor 
disorders, such as Parkinson’s or muscular dystrophy, 
can be monitored. Finally, by closing the loop, adaptive 
training algorithms based on the quantitative 
assessments will enable personalised protocols for 
procedural training for surgeons, or individualised 
rehabilitation regimens for cognitive and sensorimotor 
impairments. 


We will establish common and open We will create sharable data sets for key We will create cloud-based analysis frameworks, with Roadmap for US Robotics 
Health Data / Sensor- infrastructure for data collection, building research areas, including robotic surgery, baseline performance of existing algorithms, to enable (Healthcare & Medical 
based on recently developed models such as prosthetics, rehabilitation, and in-home rapid design, development, and evaluation cycles for Robotics)! 

ROSbag, but extended to a broader class living. medical robotics research. 

of medical robots and devices. 


Telemedicine We will test secure communication links We will develop secure telemedical interventions Roadmap for US 


suitable for secure telemedical mediated by the open Internet. Robotics!” 
interventions. 


Accurate indoor positioning systems for 
Indoor GPS mobile manipulators, particularly in 
dynamic environments 
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Mobility and 
Manipulation 


Cognition and Skills 
Acqusition 


By 2020 


Robots exploit diverse mobility 
mechanisms in research laboratories to 
navigate safely and robustly in 
unstructured 2D environments and 
perform simple pick and place tasks. 
Relevant objects are either from a very 
limited set or possess specific properties. 
Robots create semantic maps about their 
environment through exploration and 
physical interaction but also through 
instruction from humans. They are able to 
reason about tasks of moderate 
complexity, such as removing 
obstructions, opening cabinets, etc. to 
obtain access to other objects. 


1) Demonstration of a robot that canlearn 
skills from a person through gesture and 
speech interaction. In addition, acquisition 
of models of a non-modelled indoor 
environment. 

2) Robots can learna variety of basic skills 
through observation, trial and error, and 
from demonstration. These skills can be 
applied successfully under conditions that 
vary slightly from the ones under which 
the skill was learned. Robots can 
autonomously perform minor adaptations 
of acquired skills to adapt them to 
perceived differences from the original 
setting. 


By 2025 


Given an approximate and possibly 
incomplete model of the static part of the 
environment (possibly given a priori or 
obtained from databases via the Internet, 
etc.), service robots are able to reliably 
plan and execute a task-directed motion in 
service of a mobility or manipulation task. 
The robot builds a deep understanding of 
the environment from perception, physical 
interaction, and instruction. The robot 
navigates multi-floor environments 
through stairways. The robot modifies its 
environment to increase the chances of 
achieving its task (e.g., remove 
obstructions, clear obstacles, turn on 
lights), and detects and recovers from 
some failures. 


1) A robot that interacts with users to 
acquire sequences of new skills to perform 
complex assembly or actions. The robot has 
facilities for recovery from simple errors 
encountered. 

2) As perceptual capabilities improve, 
robots can acquire more complex skills and 
differentiate specific situations in which 
skills are appropriate. Multiple skills can be 
combined into more complex skills 
autonomously. The robot is able to identify 
and reason about the type of situationin 
which skills may be applied successfully. 
The robot has a sufficient understanding of 
the factors that affect the success so as to 
direct the planning process in sucha way 
that chances of success are maximised. 


By 2030 Source(s) 


Service robots including multiple mobility mechanisms Roadmap for US 
such as legs, tracks, and wheels perform high-speed, Robotics"! 
collision-free, mobile manipulation in completely novel, 

unstructured, and dynamic environments. They perceive 

their environment, translate their perceptions into 

appropriate, possibly task-specific local and global/short- 

and long-term environmental representations (semantic 

maps), and use them to continuously plan for the 

achievement of global task objectives. They respond 

robustly to dynamic changes in the environment (e.g., 

unexpected perturbation due to being pushed or jostled). 

They are able to interleave exploratory behaviour when 

necessary with task-directed behaviour. They interact with 

their environment and are able to modify it in intelligent 

ways so as to ensure and facilitate task completion. This 

includes reasoning about physical properties of 

interactions (sliding, pushing, throwing, etc.) between the 

robot, objects it comes into contact with, and the static 

parts of the environment. 

1) A companion robot that can assist ina variety of service Roadmap for US 
tasks through adaptation of skills to assist the user. The Robotics!9! 
interaction is based on recognition of human intent and 

re-planning to assist the operator. 

2) The robot continuously acquires new skills and 

improves the effectiveness of known skills. It can acquire 
skill-independent knowledge that permits the transfer of 

single skills across different tasks and different situations 

and the transfer of skills to novel tasks. The robot is able 

to identify patterns of generalisation for the 

parameterisation of single skills and across skills. 
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